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in both instArmnGntatioD dTta s^aimnc^ and societf are praserited^ The 
content of a sliort binch^imj. st^^y coairs^ for taach^srs is described. 

can) 



* DocuBcnta agqaired by BRIC liiclua© nany inforial unpablishea ♦ 

* materials not a satiable froa ©th€r soarces, lElC amk^s €Texy offort * 

* to obtain the beat copy a?ailabl«. H^^ertheleset Itaae of marginal * 

* reproaucibtlity are often ^ncoiantered a»d this aflacta the gaallty ♦ 

* of the microfiche ana hardcopj r^prodactlons BSIC •akes arailable ♦ 

* ¥ia the IBIC Docunent Repr^flucticn Service (BDBS) , IDBS is not * 

* reapon^ibl© for the gaaltty oi the original aoeuieat* leproauction^ ♦ 

* soppliea iy 2DRS are the b^et that caa be laa© £rc« tht original. , # 

******^ 

EKLC 



pi;: 



r ■ :K A Hi. A ■•[. I f .^hf 



i v. i -'Uu- H I. ,( -.1 n * - i ( = 

■ M i. ■■ ■ "U/on , III . i '1- Aii ■ ■ 1 ■ i r ;s 

riir r)?' i-uii ( '//.v/'.-..^-; '/ 'i~vr - Vrur ^^l-;,^- Uh- lonr Tc *c v. h .nil tn^ worn i ■ i; p 

of insiPKl^nn, the .iicnMs.^a utn'z.^r'u-i nf , 11^:^0-. aliorK or \nUi ihc iiii -i-iKion n; ch^ u-snv i 1 uUvAi m - 

the trend loward Hp- indivui.Lin.utioii oi juctin/i involves Huch (levt^Dpmcnrs as tl^c nsr oljcarnnii^ 
0::atiOns ov boravior:!l nlijt rrn^ s. i icMisif n o^' pi /.rnrhiicd activities 'esignrd to assist :,nidc:U'^; aclnevc 



^.r'-s-^-jMii ;in hkixi^ vl :■ )rh' rf tUr m/^s^ ^ i' n lonnl !fPK v:Ui ir^s !i:we t j lo will! tht: . < pphcj-ionsDl 

iM^^ ra' or integrate i ;.:^if^:-- co irnM^. onrnrdlal v kn ^* cauises (^Xi>tuinicr jolii J rcnci jnvxc;u- 

finn :il CMiricula 

/V-i-f^^r^r^r .vh=nh r^' -HiM^hKh nJ r^^np- dirin^i the sixti^m. TKc rlist issue of (TYC, 1971, No, h was p^^h- 
Ikhed in Mav ami tni^ is thv s^'cont: issue, ilu 19/1 issuw .umI suu^jqu^iu uiiUiiics .ml a..Ju.r papei:, jpa 
dimission sJmniurieb from Uie Conferences and other papurs of spedal uitur^st to ilv: 2^yeai college cheniiF^try 
teacher The-^e 96-^:?^^e indues will ft u''^*^ ^^-ctions devoted tn -general chemistrv for ^cence maiors, Hecond-year 
cb^mistn^ courses, ll^mistiv icr non-sdenci: majois and other introductory coune^ chemical technology pro- 
^;raris. instructienal methods, teacher development, sp-cial topics and administration of cheniisiiv progranis. 
1j though not all sectiom may be included in cac>i issuu, we intend to k^ep a balanced publicatioru 

T^ie Two- Year CoUega Chemistry Conferences arc 2n1ay mcetifigs of cheniistry faculty and acanirKStiators 
of the JSA and Canadian commuTiity ronegcs, junior colleges, technical institutes, university branches or centers, 
and po. *^-secondary vocational-technical schoolri. 

2YC3 programs include Syinposia on Special lopfcs ir* Cheinical Education; Syniposia on InjiDvaUoiu 
tho Teaching of Chemistry; keynote addresses and di?C!iNon sections for first-year science major chenustry 
couises sacond-year -hemisti-y courses: chemistry courses for non^science majors, occupational poiips, and 
beginning students; chemical technobr/ prop^anis; and Timely Topic Forums on specific probiems and pro- 
grams. Exhibits of textbooks, medels, instruments, charts, equipment, and rilmed or taped media matenals are 

also included. , , < , r * 1 ^ 

Thm four 1971 Conferences at Catonsville Community College in Man^land, February; Los Angelas trade- 
Tachnical College in California, March; Meramec Community College in Missouri, October; and San Ajitgnio 
College in Texas. December, were typical of the georaphical and chronolopcal distribution of our Conferences 
but were the high points for program quality and attendannv. TTie attendajice totaled 694 for the 4 Coiiferances. 
All Conferences were attended by 1 55 or more, and Los Angeles, with 193, was the largest of the 28 confer^ 

inces to date. ^ n 

Findings reports on process, papers, and discussions from the follo'^ng subcommittees will ippear in 
future CTTC Wues. The Recognition and A^^ards Subcommittee, cbaiTed by Cecil Hammonds, Penn Valley 
Communis College, works with the Committee on Educational Aetivitits of the MMUfactiiring Chemists 
Association in recommending five finalists each year for the Annual WCA Two-Year Colkge Oiemistry Tea^hmg 
Award and in investipting additional ways in which recoffiltion can be pven outstanding mdividuals or_Qoile€' 
tive aohievemints of the chemistry faculties of 2-year colleges. The Cheinical Initrumentation for Two-Year 
Colleges Subcomniittee, initiated in 1970, has developed phase 1 of in extensive study of chemical instmmen- 
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!■ I . ! .( ■ 1= 1 : ■ ' , J. ii i\ I- , .j r I i < ^ ( Ml) i ■ r ii sv u- tN (■ ^ • 'rn t nM^s' v^'m;* I US, 

li ^- M i. '= riiil : n.;-^.- j , :u \i ' '« , : r:n ^ n li U D MM ii ^ VmIyn w^h luniRMi M 'Jtri f it}/ sipili fi - 

' 't'-' [■ ^-^'''i:^ r^'' ''^ ^'\-H^7' -^y M,H .1- .■i!•M^Ji:^ II,/ [iMMif 11:11 (i-ine^H^^ rtHiini(|Mos; in on courage 

i' ^ !^ ■ i ' ^ 1 Ik.^ i Ji voiioti iiie R^ii. lu ilni.JiH lor C liL:inical IcciinuiOi^y Sub- 

• ',y .Ml r ii ;M I j j r c^^ ^ Si uf rt\ . n i^it-if pr(Hunrns. rh 

' ^ ^ ' v'..' ^ j:!I li 'iiU'hM? S ibc' 'ij ill .iniian; by Curt l)-ioiuin of Vinct^nnos Uni^e^ity 

i. 'f ^ . ' |vj. ^ 5)1 Ann: / ''XiS,in/ pyi'iun w ' ^if '-i ■uiirr. iii^ii h.;twc^cn 2 = year colleges and their feeder high schools 

^ '.ifin uM- ( .uh ino/'-ri'nn. ^ m; K^ >tnik . ^ '[ ynhoga (\:)innninity Collugc. MrtropoHtan campus, 
•■^^ I-' Si i H - a pu.Lr I ti; iiri i ^ Mr Um^m t-i llcg:s in ih^ idcintii'ication and soiutjOii of 

' \i' '.':nhk\ ^ \ \ !"iini . is ' ! ( Mi ■ u: U ik' i. :i: 1 /- n wni ki iin v,/:Mi th:- cdit n o':thi:' JofirNa! (>f Chcnif 
^^'-^ " ^" <i' V ■! p ' ':>!M.» iii f r 7' ^'-7. 1^ ; ' ■ ; i:m^ co!l^,-c f:iculiy. Under Kcnntvifi ClKipniairs 

• ' • 'i-H. V. II ;:ssiM :n i.^l^:nn.h ; -Kty (01 (7y(^ ihid trie : KCj iyev\Jener Tlic riiern-^ 

■ ^ ■ ^> >0; i )]■ i ''^ YciiT ^ '( ;h:ihs Sn!^^t;(Mi' j[ii(h^£ v^;r in/rth^- ilii;. vMir Ki'f slimilci be nMj'^f iv^r^Ml n-^x t ve^' 

. i • . ' r i i . . ^ ! ' " 'IV ' ^ U . • j.J iN. j;i ■ . 

' ? 'M R i .:r- ■ :iro s:;iry p ,^ c. ifSr !i .r; ^ > )nipr^^a'MLU\ ^ li ^M■o;, vii:n a., liuu In-un UTuior;u-a .1 b>" 
^- ' il i. \ . "M. [ i ' i t rp i, y .il; ^.iu;l, i-ri^iu^ h'^i - but ! ^Vuuij Id^.- in uc;;,; uwledge 

' - ronM^ ' ■* 0 V. I) uiU r . r u,i S.^i^Mt-o i li.\n\mo: u< nici Iffhii Udiell . ^1inir*ticn oT the R**gionn! Con- 
^' ' J'^'* ; ^ 1'^ v>^:f id;: Xeriu r (■..dh'i n:- ] riivnpllni ;nid ^d^l^ ^li lion , Conference Ecdtors; Kathcrin^ 

Wvss!;, ri ,ru WilM; ; < \vy ^y ^ 'o'; . -t r:^ Soe^TTn-u ■ 1 on^r. Matc^y Inwrcnec Daleiu Rudolph Hdderand 
riKirlis II )w;^ R. J ^\d ura uMncf?!'^ ( liMiuhM^ KctUi/Ui f 'lunnuir. Cnivrntti^v PHitor. nnd Rnhert Rurbani. 

^1 y ^ 'i^ *^ *'>v ^ i^^^'- ^ i ^^ .isc i)l Witijly wuiy causui, her to cuninbule nuacn time and 

cd(Hl to k(M{ ' it .1Y(\ (^flu;e i Vt'niUuji. 

"^ ho ^\ )irti '.\ 'vt: viO; arkilow ^yr;^ :>ni] :jxnr ^ss ir^ nppr riiiinn for Ihe flnruicial nnd other support it 
'uis ivcciM'tl I ro!'! llu: hxt-juhv rontir Ut die Division ofOemicaJ Kducallon under the direction of Anna 
fliirrfson. CfKMri Kin 71iis spons ning gnu^ ^vas augmented this y^ir fo. the tlrst tiiiie by 44 industrial cDinirier- 
cial spofis )v%. 3 > CO lc\»e soonsory :ind jver iOO individual subscribers tc^ Chmiistry in the Two- Year College, 
We iovitt! nil jM^ciir i ^Ifef^- cl^enKs'^ry uepart::ients fo heccn.e sponnors^ al; f acuity members and others uiter - 
ested to bceonie stib^. rihers. and ali conirnLrciai and industnai organizations interested in chernistrj' in the 2- 
ye 5r college to H'<;nnie sponsors. 

Whai (H.. s li.e iRhiu iioK! Kir y-y,'^! -Oile^e Lhcntisiry? Moving around tlie country to attend the four 
en-iferercrs ^ iufi-j' tw^.y^-u -oM'-yes .^r':? "fnlkiro slinp" with cheniistry faculties, and reviewins recent mail 
and ^Lirront cherri^al education litera;ur.y I ajii led to believe that the 1972 and subsequent problems and pro- 
grunis or the 2^ye:u college chenastry faculties will involve modules, mini-counes, models, education of the 
iTioHses. mm - his lie;dtb and en'^irnnment and the search for money to implenient innovatioii. We invite you 
to join Ls 11.-: t ycir 1: Cv^ y'-':\iwc u:; J ud)^cribjr tc O cniisiry in the Two-Year College. 

mumn T Mooney, Jr., Chairman 

Erratum 

The seciipe of the Twa-\ear College (:hyniistry Conferences and the wide variety of means by wl.ieh mats- 
rial is cu]|ecied for publication assures that errors will be made from time to tiine. We particularly rep^t the 
misplacing of credits for presented materiaL riius, v^e wi; to call your attention to an error in the 1968-1969 
Two- Year Calkgc Chemisiry Conjereme Proceedings, p. 24, William G. Danid of Bluefield College, Bluefield, 
Virginia, should be credited with the article, ^'Cheniistry Lahoratories for the Fu^n/ey' instead of G. Tyler 
MUler of St. Andrews Presbyterian College, Laurinburg, North Carolina. 

KennetJi Chapman, Editor 
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Snnic [v/vnly yc:\i^, a^^o (he (Tcnui^al ( heinistry course alniost nbruptly chaiigctl IVom an jiil loduct ion 
to inor;*afiie uiid flt/s MipM^^.' chernistry Ir pfinciplep-oiicnfed coiirse. Inuring tlic next neveral yenrs, rnorc 
and more ai what had been tiaiiitiunally pliysical chemistry became pari: of the gui^eral course. Today, we 
are experiencing a shift tuward the inchr.icai at ihc description of cheniistry within the eontext oi cheniical 
principles, l-cdt^gogically, Oie sludunl ciin understand and use the principles better if there are more points 
ot contact with the real world in tenns of spucilic ehernical pLenomuna. Furthermore, we liave had to re- 
discover that studenls without sutTicii-nt innt ncmatical background cannot adequately master some oi the 
more advanccii and cjuaiiiitative aspects of chenucai principles. It is antieipnted that a iiiore workahU' balance 
between descriptive and rundamental clrjinistry will be developed in the luture. 

hi tile past tew years we have wiinessed an awiikened Miturest in the vaiaous nieuia of instructional aids, 
hi addition to the traditional prqieetion systems, whole new systeitis such as television, the coiuputer, and 

intensively nseri Bui the results are not decisive. Someiiow, af ter we invest much time and money in these 
nev/er syslen'N nr in the reviviH ot^ (A(^vr s;^^s'uni. we discover thu! the stndent h not necessarily **turned 
on/' nor does it seem to t^ivoral ly inllnepcu the eniollnient in our chemistry courses. What do we try next ? 

More uui nore we are hearing of ''hands-on'"^ ciiemistry, the kind of chemistry the student experiences 
by performing a reahliie experiment wdtli his own hands, or in tlie classrooms, witnesses a live denionstration 
T^crtVirrned b^^ liis in^trncrnr. "t hese activitius soem tc^ nftr*r n refreshing alternative to instructional devices 
such as a line motion picture or a precise coniputer printout of a reaction mechanism or such liie conven- 
ience of canned material vs tiie labor cd preparing lecture demonstrations mitigates against tlie 'iiands-on 
type of instruction. However, from the standpoint of student motivation and learning, there seenis to be a 
renewed interest in the classical type of lecture domonstration. Here again, we may find an eflective balance 
between the use of the more modern instructional media and the traditional, *'first-person" demonstration 
experiment. After all, LliemiHtry is bli'ssed wdth more than its share of demonstrable topics, and we would 
be failing to aciiieve the most effective instruction if we did not exploit these opportunities. 

Summary of Discussion Following Professor Sla baud's Address 
Suriiiiiariztd by j, Smitli Deeker 
Phoeiiix College, Phoenix, Arizona 

h How do you develop good denionstrations? 

Dr. Slahaupn responded: ^'A good method is to have a 3x 5 card rile in which you have demon- 
strations tabulated with equipment and cheinicals listed on the card. For example, under sulfur you would 
have cards K 2, 3, 4, 5, etc, with the principle that is demonstrated by the demonstration and the equip- 
ment needed. The equipment should be assembled and left in ready condition such that it can be taken 
quickly from storage, demonstrated, and then returned again to storage.'' 

2. Do demonstrations decrease drop-out rates? Do they really help to stimulate student learning, 
or is general chemistry just becoming too difficult for the averaie student? 

The answers were as follows: (1) There are a number of students who get into the course who have 
not met the prerequisites of the course, which might be listed as: (a) some rnathematical knowledge, (b) 
a desire to form good habits of study, and (c) a desire to spend the time to really learn. (2) Sehedule the 
preparatory course and the engineering {general chemistry course) such that well-prepared students can go 
ahead according to their abilities and so that poody prepared students can drop back and still achieve the 
goals they first desired. 

3, Should we all teach the two types of courses: (1) for the major and (2) for the non-major type 
of course? 
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i-.o :\ bciicv cuur L' inr [>rcpanhu nKijcHs Uian did -Iv-' rjii^inn] pui'ii'Mi) anu \Ui\i ninjiM's wor'^ f^oirvi IVoni tirs 
c<nirsi' iiito (ill- r. aiois, 1 li?.'rriori\ hic ori'^inal course jor |Tiu:oiiy inajois was tirunind in (lef^^rencu to the 
iirih'r i'mnsi\ On'' solntion is ol'hT a v^rii^^/ nj" j^^vrls oT j^istnu^l ions arHl to k(H»p tlif; sdulenis roiniiM' 

iu iiic ii v-M=: anu inNlnichuu yi^u e^pcc^ liiu jlnai cnniinriii was tiiai there Ih iiudi ';urreiaiiun 

..Uv;cen a ^»hu^.Mi^s ikhHiiy iu do nuitiicniarics and his aliility to be suecesiJ'ul in clioinisiry. 
4. What do w'^ ically rneari by a lA^'U^ral lourse lor tioiiM it) 

Many Sw'hnels h;;v<.' inlrudiKTd ;s course in a!ijHi:cia unn ciT cheniist ly. Ai PluH-nix (>;!leifc llii:; is luinied 
Mo;u:-ai A.^pects of (iicunst y. It is a nnii = nnithemalica! approach, ami iiu: instructars |)renarc their own 
nialeiiids \ )()\\\ Un Uiu lcc?iiri'S as well as ior Wic laboratory 



TRENDS IN SCIENCE MAJOR LECTURE COURSES 
GObert limgki, 
Univursity of IHinuiK, Urbana. Illinois 

P'l aM]t^..i [{} ill-: l';i;U-Ycnr Sciorico MujorN C^ourf^u SecUoii, 



Thtiv is a need for a Ji:\y type of jroneral /mhs conrse Besides ;)resiO! ^nu nrc'^^onsly solved prob- 
.jjiis and newe*' problems to be solved, the coursi shoih leal wjfii prebiems oi" Mie world. No longer 
siiould science remain isolated. 

needs of present day students. The aAivscs jie being pn ared by profesners and students from a %^ariety of 
areas, such as industrial engineering, chcnii^try, arts and rolitical science. 

An article entitled ''Why are You in this Course?" irom Chemical Principles^ a new, general eheniistry 
text by Dickerson, Gray and Haight, was distributed and discussed.. 

A science course for non-science majors was offered at the North Carolina State University, by Henry 
Bent. Students were graded on 6 out of 12 exams and the final exam. When asked their opinions, students 
thought that this was the first time that they were treated as adults and they ''blew it.'' 

Several problems of teaching chemistry to science majors were identified; 

L A tremendous expansion of knowledge. 

2. The number of students vastly increased, 

3. The upgrading of material in course. (This was justified by a few ''eager, bright-eyed" students. 
The average student needs simple instrucTion and drill) 

4, The best scholars are not liked. Turns even B students off. Can't reach a student unless he likes 
you. 

5, The courses go too fast. Too many topics are introduced. 

Some topics taught in a major's eheniistry course using titles based on the Westheimer Report are: 
L Structure 

(a) Electronic 

(b) Lewis 
2. Dynamics 

(a ) Thermodynamics 

Disliked by the average student. Shouldn't be given in the first terni. Don't give an in-depth 
study to freshmen. Make definitions useful, 

(b) Equilibrium 
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vuvmmm cnEMiSTiiY laboratory pro-:. ram 

William G. Dnniel 
Bluerield College, Bluuficki, Virginia 

I'resentBiI to tht First-Yijar Scit'nce Majars Chemistry Courst; Section, 
25Ui I'wo- Year fVilioci.- C'h«inisti'y Coiif'T«iicc, Catonsvlllc, FubniJiiv (,, l')71. 



C;oniniencini' with l'?68-6y i changed nb frc;.hni«n laboratory from tlio standard classicoi typu, that 

( now liave fourteeii stations, each complete with al! the eqiiipment and chemicals necessary tor that ex- 
periment. By -iKiii- Uiese stations, I ;;m ah|r \o let rdl the stiuients perform rxpcriuients that otherwise 
cotddn't be done easily usinR the old, ciassica! ;i|;proaeh. For instance, the Gas Phase Chromatography 
exp. . uient couldirt be done using the classical method Ijecause of the expense involved. An cKperinicnt 
requiring the use of the Corning pH meter would not be practical for e small college under the classical 
lnhori'tcv s"s''or'T sine" fv^rv' stiident woidd rflnuire a meter. 

The students are <: ivided into groups of two and three. Thereiore, each group lias a different experi- 
t during the same laboratory period. The groups are numbered and a list of all the experiments 
correspondinf ^ - each group is placed on a bulletin board accessible to all. The student can tel! in advance 
what experir.i he or she will perfortTi each week. 

We use no laboratory book. At each station there are directions and information which wUl be helpful 
for that particular experiment. Many of the experiments are written up "open ended" so that the student 
can perform the experiment as long as time and motivation persist. Tlie experiments are as follows; (five 
types) Titration of Acids and Bases, The Spectronic 20, Analysis for Cliioride, Heats of Reactions, Gas 
Phase Chromatogmpiiy, Distillation, Electrolysis, Titration Curves by pE vter, Finding Molecular Wc-chts 
(b p and f.p.), The Temperature Dependence of a Solubility EquUibrium, Crystallization and Microscopic 
Work Synthesis of Magnesium Oxide, and Oxygen in Air. The students are given two deraonstrations: 
Cottrell smoke precipitator and a method for obtaining the combining weight of zinc. These demonstrations 
work out well because we have a Fall recess and a Thanksgiving recess which cut off the laboratory period 
for the latter part of those weeks. By doing demonstrations we not only use good teach- aids, but are 
also able to combine laboratories during a free period in the first part of the week and prevent the classes 
from being separated. 

The laboratories are scheduled for three hours each on Mondays and Thursdays; however, they usually 
run four hours instead of three. I have two laboratory assistants for each laboratory period. I monitor 
four experiments closely while each of the assistants have five experiments. During the first fifteen minutes 
of each laboratory period we go over the experiment with the group. After this we try to ask questions 
and stimulate thinking on the part of the members in the group. After an experiment has been completed, 
the group returns to the classroom and writes a report on the experiment for that day's work along with 
theii data and answers to their unknowns if applicable. Then the group has a conference with the instmc- 
tor and are asked questions to see if the members of the group have a proper understanding of the experi- 
ment in question. ^ j 



I. vih Ovei hnii Uir shdcii !^ roii; h hur:iloiy i( ^ w o ti i to; ii.ii / U]''cx;)i rir ai; , ; in J :tlnujst uvcn one 
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INCL.UDING QUANTITAT'IVE /^.MA LYSIS IN CENER/iL CHEMISTRY 

Nd^o. 1 Smith 
i\)i^uJiUi College, PoinoiiM, Orlitbniia 

as ill..: nl-Vc^.r Kajoi Chcraisuy Kuvii jU.: ^^a)t^och, 



' Uun': thM :ur'l= 3('y v/uu!d arrr'^^ a[^)n^:idirg oTtac iMgh schccv t; heir ij^ay c crtadily inJi rd-oSOaiL- 
kiiKl of a change in the rreshniau cheniistry ihc college icv^b I think th<TC is another squeeze rrom the 
otlicr side, that is the upper end, and it is in two fonii:^. One h the pressure of time needed to put into 
other things. Also, there is a natural tenden^ y to :iich:de airiKdicai instrrnientation and an unalytical ap- 

First, let me say that the ACS Connnittee on ProfesHional Training does not demand that I or ariybody 
else do what I reeommend this morning, riTi on that committee, so I feel sensitive about this one point. 
In my niiiul, qualitative analysis not too applicable tjiese days to industrial probj^mG or to much of re- 
search at any level, I think th^?re is a great difficulty in reaching all of the equilibrium principles that you 
need for quantitatiV' analysis and. afler that, ail of the cJieniistry you need to have to go along with quaK 
In other words, ! think that teadung .al is harder tlian teaeliing quant. I think it's a lot harder for the 
students because It's a double dose. You car4 do a cookbook deal but, from the learning process, I think 
it's harder, 

I also believij there is a geneial utility, fur a major inaction of all the students who take freshman 
chemistry, of approaching the laboratory from the standpoint of simple instrumentation and quantitative 
methods and techniques. A large fraction of that class will be pre-med, zn^lo^ majors, lab teclis, etc., 
certainly other than chemistry majors. These people will probably find moiw s for analytical and quanti- 
tative methods and techniques than they would for the qualitative. 

There is also great difficulty in giving nieaniiigful laboratory work related to lectures when initial em- 
phasis is on atomic and molecular structure, I don't kno\^ what people do in the lab that's related to dis- 
cussion in the lecture^ at least at the freshman level. There is a simplification that can be attained in cpursa 
scheduling by doing what I am recomniending, that is, that there be a one- year freshman course, a one-year 
sophomore organic course (organic-analytical) and a third-year physical course. These are three core 
courses. Along with the physical you could then connbine courses of interest to the interdisciplinary student 
or provide the straight chemistry propani that different schools have. This simplifies the concurrent taking 
of math, physics, language and other requirements that are usually needed to go along with the chemistry 
program. It seems to rne that for junior colleges there would be a simplificatiori in transfer if they had to 
include a full year of organic. I know that there are many arguments going along these lines. 

'T'here are problems in giving a freshman course that inteirates quantitative analysis: lecture organiza- 
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tiofiSi equipnient probl^ms^ p^losophy of exparimintation. For the lab to be meaniiigful, the related ^rm- 
cip/fs must be discussed prcviousl^^ or concurrently, at the worst, in the lecture; otherwise, it*i only a black 
boj4type at UboJatory^ m youv^ laisscd the boat. You must get ta -qui!ibriu:n principles early in the 
CQune. TTiis n tU Kiy pomt It tak^^ ibout six weeks to get to this point, Vou start out talking about 
instruments and reliability of nu usuremints, including probability, distribution, standard deviation, 
ftc.i far the reliability, Thin i wculd summarize the composition of mattef - no great detail. Names and 
forTnulae, stoichicmctry mi concept of mole, that sort of thing. Properties gf solution, but not colligative 
properties, and GC)nc€ntJratii5n§* Gases: gas laws and vapor pressure. Wel^t-volume relations. Energy (thermo- 
chemistry type pf energy) by ^ay of the oalorimetar. Speciflc haat^ entropy of transitioii, stindard entropy 
of reaclion and formation. Xt^m combine the energy concept with volume of gases; then to kinetic erierpes 
of fTiol€cules, distributions and velocities, reversibility of reactions^ activation energy for reactioiij relation- 
ship hatwaen tha eq^ililrium constant and entropy of the reaction, leneral development of equilibriuin law 
from IdnatiQ considerations, '^hen you reach this point - building on this and amplifying it in the course - 
you csii dc a whole variety of things. Meaningful diicussions are possible: precipitation^ purity of a pra- 
cipitate; the anal^'tical appJieatiom, problemi; combine analytical and qualitative analysis; complex ions, 
electroii transfer; quant itatlvi aspects, balancing oxidation, reduction equations. Here is ^here yoii would 
take up free energy. Ccillitatl^^ propertiei, Nine weeks doing this sort of thing after equilibrium lavfs are 
learned* Stnicture is n£)t nientloned yet. 

The second sernestir is t^ken up by half with a detailed discussion of atoniic, molecular, crystal struc- 
ture We have energy fioi^ ^t seniester to build on. Thm other half of this semester includes problems 
of synthesis, cheinical Kinatics and nnechanismi, organic chemist^ and nuclear. TWs is a very crude outline. 

Problems in the lal on^ crucial thing is efficiency of student time, Don't waste students' time. For 
example, ^e siva pre-daied, ccjoled and desiccator unkno>¥iis which they can pick up in the lab. We have 
drying ovan schedules and oymm ^ith ctculating air. One oven can be used for 20 minutes, By I'sing a 
serfei of ovens ycu tiw^ rapid drying and saving of time. Teflon stopclocks save time. There is no such 
thUig as undar^ Qver--greasiri8* Consecutive time is important, We operate on one lab/week - four hours; 
1 - 5 pm. TWs ijsniora useful than 2 two-hour labs. One of the most important points is expectation of 
resiilts. I visited a inid-wasterii ccllege and talked to students who *'bitched'* about their course. The level 
of exp^ctatioii viras coniplatal/ uweasonable. They had to do an experiment as many times as it took to 
get results* too rnucli time wa^ ip^nt, and they hated the course, Freshmen do not have a lot of experience 
and peifectloii comas only by experiince. Concurrent schediiling of experiments is necessary, especially 
with a large number of stiidents and expensive equipment. You don't have to have a gi^ntic investment 
in equipment. VWe hav^ handled 130 students with 6 pH meters, 4 calorimeter, 6 colorinieta^, 3 ps 
chromalo^aphy units and 4 g^igar gountars* We have stations for tWnp like desiccators. For example, 
if you have a lab sactiOT mzS, you need only 25 desiccators. If they must keep samples in desiccators, 
you can Iiave a couple of desiccators for the retention of samples of evarybody. 

TOPICAL OUTUNE FOR GENERAX CHEMISTRY 
FOR SCIENCE MAJORS 
Subcommittee on Genial ChtmistV 

C*irricuium Committee, Division of Chemi^I Education, Inc. 
American Chemical Society 
Brock Spenw, Ctuinmn 
Beloit College, Belolt, Wisconsin 

Prapir^d MM pmtt of the To^cal OutUoes Project of 
tha Currieulum Committee* April 1971, 



T*e foUcwiaig 7opicai Ot^Wint for General Chemistry is intended to be an outline of topics commonly 
taught in a first- year g^netal chemistry course at most coUegei and universities, and is not intended to 
sp0Cify^eith»a spicin^ortiar for covering the topics, a necessarily preferred system of clarification for 
aU of cheiiiistiy or th^ range «f **relevant*' applications which may be appropriate to illustrate a particular 



topic. Thus, for example, thermodynainics may precede or follow naolecular structure and bonding in a 
particular coHr^e; it may or may mt include a moleculRr interpretatfon of the thermodymniic processes, 
and may be illustrated by examples from biocheniistry, geochemistry, environinental science, space sciencei 
industry or cosmology. Although tliis Topical Outline is intended to be the basis for constructing bihavioral 
objectives for general chemistry, we recognize that the behavioral objectives initially will be limited prirnarily 
to recall and quantitative reasoning for the concepts covered. At this time we are not attempting to include 
other types of objectives which are obviously part of any course^ not are we anticipating extensive use of 
methods other than question-answei-calculation for demonstrating mastery of the behavioral objectives. 

1. Atomic and Kinetic-Molecular Tlieory of Matter 

A. AtomSj elements, compounds, symbols 

B. Gas laws - ideal and real gases 

C. Kinetic-molecular interpretation of gases - distributions, heat capacities 

D. Liquids - properties and kinetic-molecular interpretation solutions 

E. Solids » crystal structures and thermal properties 

2. Stoichiometry 

A. Molecular stoichiometry - atomic and molecular weights 

B. Reaction stoichiometry - mass and volume relations in chertiical reactions 

C. Solution stoichiometry - concentrations 

3. Therm odyiiamici 

A. Definitions - system, state 

B. First Law - energy^ work, ; eat 

C. Thermochemistry » ^ieat g*4^.acities, enthalpy, Hess's Law 

D. Second Law - criteria for spontaneous change - entropy^ free energy 

E. Temperature dependence of thermodynamic state functions 

F. CoUigative properties 

4. Equilibrium 

A. Phase equilibria 

B. LeChateUer^s Piinciple 

C. Equilibrium constants and equilibrium calculations 

(1) Phase equilibria 

(2) Homogeneous gas equilibria 

(3) Solution equilibria - acid base, redox^ solubilityj complexes 

5. Kinetics and Mechanism 

A. Empirical rate laws, radioactive decay 

B. Elementary reactions and reaction mechanisms, nuclear reactions 

C. Cuiiision and activated complete theories 

D. Temperature effects on reaction rates 

E. Catalysis, enzymes 

6. Structure of Atoms 

A. Nuclear structure 

B. Bohr theory of the hydrogen atom 

C. Quantuin theory of the hydrogen atom and many -electron gtoms 

D. Periodic properties of ilements related to electronic structure 

7. Molecules and Chemical Bondiiig 

A. Ionic bonding 

B. Covalent bonding - directed valence, molecular orbitals^ electron pair repulsloni multiple bondij 
aromaticity 

C. Molecular geometry , bond polarity, electronegativity 

D. Stereochemistry ^ - 
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8. Structure and Reactivity 

A. Functioml groups 

B. Acid-oase theories - Bronst^d^ Lewis, Hard/Soft or oth^r modern theories 

C. Metals and non-nii^tals « periodic properties 

D. Oxidation'reduction 

E. Medium effects 

F. Transition metals and coordination cpmpounds 

FUTURE TRENDS IN PRESroiitf^ COLLEGE CH^ISTRY 
Charlies 1. Wof timer 
Muhlenberg College, AJlentown, Pemsylvania 
Presented at the Fint Year Chemistry Section at thi 25th Two- 
YeaxCoUw Chemiitry Conference, Baltimore, Fibruan^ 6, 1971. 

The future of chamistry and initruction in cheniistry depends not only upon internal influences^ 
the developnients within the science itself, but also upon external influenceSs which spririg froin the 
culture and society in which the science exists, At the present time^ externgl influences appear to 
be of paramount impOTtance. 

The science of an age Is an intepal part of the culture of the age; the art, literatures social 
institutions J economy, religion, values, and iciince all reflect the spirit of the age. Hiitoriaiis have 
compared the present period with the renaissanca, and the similarities are striking. Both are periods 
of great change that niay be characterized partly by: a questioning of values^ the devalopment of 
new art forms, the emergence of new tj^pes of living pattemSs the establiahmeiit of new educational 
institutions, daring explDration, a mowing secxilarlsm and ikepticism, reli^ous upheaval, development 
of technical expertise, a burgeoniiig powth (relative to the times) of knowledge and Information, and 
an increased emphasis on the individuaL 

History does not repeat itself but one winders whether the ultimate chaiiges to our culture 
deriving from the present period will be as clefp seated as the changes resulting from the renaissance. 
One thing Is certain, we are now engaged in a sefirch for new values, and we appear to be "zeroing 
in" on the individual, on social consciovisnass. and on humanity itself. And this occurs at a time 
when the study of science has been, in sorae ways, radically ^'dehumanized/' I believe that aU 
academic disciplines^ not only chemistry and the sciences, are going to become more centered on 
man. 

Dr. Donald Hornig, in his address to the Snowmass Conference on Education in Chemistry, 
describes the factors which led to a "golden age" of chemistry and the pressures thatj in the late 
1 960*s have resulted in a retreat from this high point. Declines in the job market, research subsidyp 
and the proportion of students entering studies leading to careem in science, hive oecuwed and 
probably will continue,* 

What does aU this add up to with respect to future trends In freshman coUega chemist^? I 
believe that freshman chemistry must, and will, become more human centmd. Scienoe, in general, 
appears to be "turning students off/' They are concerned about social action and want studies 
directed toward the improvement of the humaft condition. The introduotory diemistry that 
they meet is a cold^ demanding, abstract rigorous tnonster to which they do not widi to apprentice 
theniseh^es. 

Chemistry was not always this way. The teicher of introductory chemistiy in the past ^ant 
time in demonstmting the relevance of the disdpline to the needs of man and sodety, and we must 
retum to thu pnictice. Perhaps the emphasis should be lightly diflferent--l€^ diraetad to the 
hnportance of chemistry to industry and more centered on the ways chemistry helps to meet the more 
fundamental needs of man. 



•Horaig, a F,,/ Chem. Ed. 48, 30 (1971) 
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We must commumcate the worth of our subject iiot oaly in practical terns but also as an 
intellectual adventure. We should demonstrate that science is as creative as art or music and that 
the conepts of chemistry are the work of the rnind of man and are changeabls. X science student 
should be in a poiition to appreciate the close connection between science and philosophy. 

Some of the post-sputnik innovations in teachiiig must be reevaluated. In the past decade, 
the quality of instniction in hi^ school and college has been raised by an impresave depae. For 
good students and strongly motivated students, the acceliratcd and enriched proems have proven 
to be very successful For average students^ howevei*, our pro-ams may l^ve made unrealistic demands* 
Furthermore, the programs have failed to attract a higher proportion of students to the study of 
chemistry, I believe that we must become more reiliitic in respect to the needs, abilities, and level 
of maturity of our students, and I think that there wiU be a moditlcation in the trend toward ever 
increasing rigor and sophistication. 

In addition, the trend toward an Increasing emphasis on theory to the neglsct of descriptive 
chemisto^ will probably be revened, Tlie descriptive aspects of chemistry are an important part 
of the science; an introductory course Is inconiplete without some coverage of them. Furthermore, 
theory itself is of meaning and value only Insofar as it int^^rets descriptive fact* 

Lastly, it is necessary that instruction In cheinisti^ utilize techniques to handle the ever increasing 
amount of chemical information. In addition to programraed instniction end the other new instnictional 
aids, several techniques used in other disciplines seem appropiiate, Paradig. : itic teaching involves the 
thorough study of an aspect of the subject in order that the student can iridepend ritly apply what he 
has learned in the study of the model, or paradigm, to similar problems, FurthPi^^ore, in the past, 
instructors in chemist^ have made little use of outside rt;ading assignments and ir.dependent study. 

THE ONE4EMESTER CH^ISTRY COURSl FOR ENGn':: EES 

Imn Scurlock 
Lon^lew Community College 
Kansas Cityp Mi^uil 

Prisented gt the Vim Year Chemistry Sa-ticn it the 24th Two- 
Year College Chemistiy Confirance, New Oiieans, Decembfr 8, 1970, 

Some years ago, the enftuieering schools took a survey of engineer to find out which of their 
college courses they considered to be most useful and which the least usefuL Unfortunately for us, 
chemistry did not fare very well in these surveys. So v^hen the enpneering schools decided to 
trim the number of hours which an enpneer needed for p^aduation, diemistry was conadered a 
prime target. However, happUy for us, we did not get the ax, only the hatdiet, 

The Chemistry Department of Metropolitan Junior College was informed of the results of the 
survey 4 or 5 years ago. However, nothing further occuired untU we received the following 
raemorandum from the University of Miasouri^olumbla dated Fabruary 20, 1969, on the subject, 
*Tfan§fer of Credit to the Collage of Engineering.- * Hiis memorandum contained the following 
statements: 

"Beginning September, 1969, the College of Eiipneering will initiate a 
new and completely restructured 126 hour curriculurn in ^ fields of 
en^neering. Tliis is a reduction of ten h(win from our old pi^pmm*.. 
Transfer credit cannot be given for some college lavd Murses wWdi may 
have necessarily been taken but are not list^ fa our cumculum for wedit 
towards an enpneering deffee* Examples of this would be: 

1. Trigonometry and collie al|eb« 

2. Introductoi7 Chemistry-a one semester geneml education teirninal 
type course. Not part of a beginniiig sequence denned for 
engineers of majois in physical sdence. 
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3, Introductory physics-a orie semester general education terminal 
type cours©* Not part of a beginning sequence designed for 
engineers of majors in physical science. 

4. TTie first course in freeman English 1 cannot be counted in a 126 
hour propam. A second coui^e in freshman Engll^ will transfer 
into englnairing as credit for English 60, Exposittoii.'' 

In other words, the reduction in total ho^rs by 10 is to be accomplished by a^uming that the 
students entering college are better pripared than was formerly the case. Since Introductory^ Physics 
and Chemistry courses were never given credit even previously, the major changes were in Math 
and English were the student k expected to be able to start his math with calculus and his English 
with second semester English, Most of our students begin with calculys, but English is another story, 
so even our best students wlU at the outset, have three cndit hours that are non-transferrabli, 
Then came the blockbuster for the Chemistry Department: 

**AJso effective J September 1969 (this memorandum was dated October 
20* 1969) we recommend, except for Chemical Engineerinij that no stud©nt 
take more than one basic bepnning profe^ional level courie in freshman 
chemistry/* 

On October 23 and 24, members of our engineering department visited the Columbia amd 
Rolla campuses and returned with the information that a spedal five credit-hour chemistry course 
for engineers had been introduced at Coliimbia and I quote: **TTiiiT eourse. Chemistry 5, usually 
taken after the first semester concurrently vith calculus, does not have a chemistry prerequisite,*' 
Tht information from Rolla was: (and I quote) "The Calculus-AnalyticaJ Geomet^ sequence has 
been reduced tj 14 hours, Chemistry to a single four hour course for miost engineers and Physics 
to two four liour courses. 

Before I continue, 1 would like lo touch on other matters, not the subject of this paper, but 
also of concern to us. At Columbiai chemical enpneers take the regular 10 hours of General 
Chemistry but Rolla follows the Engineering Chemistry 4-hour Quaiititativa Analysis course in the 
sophomore year. (Columbia does not require Quantitative Analysis as such.) Ei^t hours of 
Organic Cheinistry are then pven at Rolla in the jun'or year while Columbia offers six hours in the 
sophomore yeai\ ^ince our General Cheniistry sequence is 9 hours, the transfer student will be one 
credit hour ^ort at Columbia and one credit long for Rolla. We have rnade accomodation in 
Quantitative Analysis for variable credit, all the way from 3 to 5. Cheniistry majore need either 
4 or 5 credits, Chemical Engineers at Columbia need 4 and our Phajmi^ students need 3. All these 
students get two lectures a week; the rest of the credit hinges upon the number and types of 
experiments required, i,e. 1 , 2 or 3 labs per week. We may have to do something similar for Organic 
Chemistry since the requirements novv range from 10 for majoo to 6 for Columbia and we certainly 
do not have enou^ students to offer three separate courses. 

The crisis for the Chemistry Depailnient came in the middle of the fall semester (1969) when 
the Cheinistry Department w^ infomied of the developments at Columbia and Rolb. Om students 
learned of this event at about the same time and suddenly came to the redJzation ttat only frve 
hours of the then required 9*hour Chemtatn^ sequence for pBduation at Longview woiild tansfer 
I immediately wrote letters to the Enrineering Depaments of Mtssouri-Rolla and Univeiiity of Misiou^ 
Columbia informing them that we would conform to the new requ^nents and rtquistung that for 
one year only, they accept our Chemistry 1 1 1 (the first course in our m«or Miuen^) ai satitfying 
the Chemistry requirement for the 1969-70 year only. I strewed tha fact of non^COTmunic^tion 
in the planning stage^ making it impossible for us to have converted the same yew that they eoiw^ed. 
They eventually conceded to my request. In the meanwhile, I infornied the students that Chemistry 
1 1 1 wculd transfer to satisfy the Chemistry requtement tot enpnecrs but stressed the faat that the 
student would be deficient in chemloal knowledge and aJvised them to take Chemistry 112 anyway 
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if they wi^ed to be as well prepared as their counterparts at Columbia and Roya, After eximining 
the Ust of sabjicts to be covered at Coliimbia and upon being pre^d by my students, I had to admit, 
that the only subiects in which they would be deficient would be Thennodynamic-s, ChamicaJ Kinetics, 
Chemical Equilibriimi, Radioactivity and Organic Chemistn^ (the litter they wQulci not get anyway 
as it ii not QOVired in our Chemistry 112). Sinci these subject matteiB constitute rou^y about 
one-half of the subjects covered in Chemistry 112 and knowing that TTietmodynamic and Kinetics 
in general are covered in some of their other courses, I was hard put to inrist, even weakly, that 
they diould take 1 12, thou^ selfishly, I knew fuU well what this would do to my Qiemistry 1 12 
enrollmeiit, (As it turned, students who felt they needed to get mow chenii^ knowledge dmply 
enrolled in Cheini&try 115, the Engineering Coune^ instead of the second semester General Chemistry 
1120 

Hie University of Missouri-Columbia uses Mortimer for its text, Schauni for its problem book 
and Frantz and Malm for the labomtory. Probably the eatiest way for me to riiow you how UMC 
solved its problem of teaching two semester of chemistry in one is to show you what was covered 
and what was left out. 



University of Missouri-Columbia 



Mortimer 


1969'70 


Fall 1970 


K Introduction; Umts; Math 

2, Atomic Structure 

3* Chemical Bonding and Nomenclature 

4, Chemical Equations and Quantitative 
Relationships 

5 . Casai 






6, Liquids and Solids 

7, Oxygen and Hydrogen 

8, Solutions 

9, Electrochemistry 
10. Nonmetals 


omit 

omit 
omit 


omit 
omit 


IL Chemical Thermodynamics 

1 2. Chemical Kinetics and Chemical 
Equilibrium 

13. Acids and Bases 

1 4« Ionic Equilibrium 
IS. Metals 


omit 
omit 


omit 
omit 


1 6. Complex Compounds 

1 7. C^ganic Chemistry 

18. Nuclear Chemistry 


omit 


omit 



The Laboratory Experiments used were the same each year. 
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Univereity of Mmouri = Coluinbia 



, ^ , Frantz and Malm 

Laboratory 



Exp. 1 ; Weighiiig Ope^rations and Gravimetric Techniques 

10: Group Relationships in the Periodic Table 

11; Ionic and Covalent Compoundi: Ionic Reactions 

2: Chemical Separation of a Mixture 



Laboratory P'^^^' ^''^ ^^^^ 

Exp, 4: Formula of a Compound from ExpeTimental Data 
7: Gas Aiialysis Based on Molar Volume 
23 : Molecular Weight by Freezing Point Depression 
24: ThemiQcheiTiistry 
25 : Rate of Chcn^ical Reactions 
26: Reversible Reactioni and Chemical EquUlbrium 
17; Chromiuni and Mangaiieie 
34: The SUver Group 

— : Organic Chemistry (Mineopaphed Notes) 

Check out and assenibly of molecular models 
Exerpts from the letter I received from John Guyon concerning the success of their course at UM^C arei 

a) We have about 1 50-200 students per semester. 

b) The course is judged to be moderately succeisfuL 

1 ) Morale and attitude of students is not good they appear to consider the course a necessary evil 

2) Primarily due to lack of a textbook desigaed for chemistry for engineer the material probably 
does not seem rilevant to the students. 

c) 85% of those who complete the course receive passing grades. 

At Longview the decision was made to divide the engineering students in half and teach Chemistry 1 15 
both semesters. This meant that I would get students fresh ftom high school We made a study of our 
regular Chemistry students for the Fall of 1969. 

Statistics Chemllh Fall 1969 

47 students enrolled C or better 66% (3 1 ) 

D or better 77% (36) 

* 2 students were improperly enrolled without either High School Chemistry or Preparatory Chemistry 107; 
one received a W and the other a C-, 

* 9 students had taken Chemistry 1 07 

9 passed (5 B*i, 4 C*s) 100% success 

Math Praparation 

* 18 students with Calculus (or concurrent enrollment) 

16 students with C or better, 1 C, 1 W 89% C or better 

* 16 students with D or W (no F's) 

10 enrolled in College Algebra and/or Trigonometry 

2 not enrolled in any math course (and without calculus) 
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SECOND lAR COURSE CONTENT AND C» IRRICULyM 



FUTURE TRENDS IN 1 SOPHOMORE YEAR ORGANIC CHEMISTRY COURSE 

Robert T .Morrison 

Morristown, New Jewey 

Presented aa the Segond'Year Cheinistry Counf Keynote Speech^ 26th Two- 
Year CoUe^ Chtmistry Conffrence, Los Angelei, March 27, 1971. (Also at the 
23rd Conference, Chim%o, September 12, 1970 and the 19th Conference, New 
York City, September 6, 1969.) 

The lecture system for ttaching college chemistry should be aboliihed. It is out of dita and teachlrtg 
CM be done better by other mathodi. In a lecture-type class, a teacher comes with old notes. The students 
try to write down everything that the teacher says or writes on the board, ThB teacher fffectlvely prevents 
questions from students by lecturing sufficiently fast to pre\iii:t such an inteiruption. Textbooks are not 
used in most classes today becaii .e the teachen tell students what they must know and what they do not 
need to know, TTiis system of i iaching evolved when there were not enough books for each student. Now, 
books are the cheapest thing in the student^s budget. 

If leaming is to take place, infomation must be transmitted. This can be done by the lecture sys* 
tern or by the Guttenburg method-Bound Optimally Organized Knowledge-B.CO.K. In the Guttenburg 
methnd^ the initial transmission of knowledge is in the student*s room from a well-oiganized, clearly 
prir ,'extbook, Then the classroom becomes an opportunity for discussion, corrections and questions. 
It i> I ,f,/ficient for a teacher to stand up and read old notes which students transcibe poorly* It is far 
bBtur ia use the teacher as a resource pcnon to help the student. 

There are some objections to tlus approach. In some advanced classes a teacher may know mora 
than any text. If this is the case he should make use of mimeographed notes. Textbooks may go out of 
date, but good ones do this slowly and it gives the teacher a chance to bring his students up to date. A 
teacher must find a textbook that thinks like he does. If he cannot flnd such a textbooks he may have to 
write his own text* Some feel that a lecture is stimulating^ but the spoken word is not an efficient way 
to teach. Class size may be a problem^ however, the Gutenberg method has been successfully used in 
classes up to 1 20 students. 

Summary of disQUSsion in Naw York Second- Year Chemiitry Section 
FoUowing Profiiior Monison's Address (Summirized by Mary Guy, 
Santa Ft Junior Collage^ Gainesville, Ra,, Recordfr). 

Professor Donald Scott of Drew University presented a brief critique of Professor Morrison's 
talk. He agreed with Professor Morrison's concepts and "trends'* in organic chemistry, but emphasized 
the problem of determining trends based on a small sampling of friends and colleagues. If there is a 
trend, it is to get away from the straight lecture, but the problem lies in involving the class. Professor 
Scott suggested that a biannual publication of new and pertinent questions in or^ic chemistry ba m^a 
available. 

A question and answer period followed with Professor Morrison providing most of the answeii, 

1 . How can we get sAidenti to read natari^ bafoia lactur^ ? 

It is largely a matter of study habits already developed. The professor must insist on it and 
good students will comply, poor students may not. A concemed profesior can work with the faculty 
who teach the prerequisite chemistry coutses and with school counselor to help davalop good study 
habits. 

2 . We are concamtd about poor studeiite who pick up minor pointi and the fanportant poinb • 

Emphasize the important points by the a^ipiment of problems which utilize those points. 

3 . How can ona make studants do die proMe ns ? 

The Socratic method should be used. Get tiia class to solve the problenis. 
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4 . Docs the arranpineiit of the room affect student invohement ? 

Anything that mskes the ^oup more intimate is better. The students and the teacher should be 
closer physically and on n more equal basis. 

5 , TTie teacher has the responsibility of emphasizing what is important . IMorrisoii & Boyd's text 
stifles teacher indh^idualism . 

Supplementary notes are necessary but texts remove the tedium of organizing and presenting 
everything. 

6. Please make a comment on organic laboratory. 

It is a problem to keep the laboratory work behind the material in a conventional lab. New 
approaches and laboratory texts are being developed. A professor at NYV says that Fieser's lab manual 
is the only one which teaches technique, the main purpose of laboratory. Ojily when more gooa 
teachers are available will labs be more diversified and improved. 

7. How far do you go in your textbooks? 

Everyone on the faculty goes to carboxylic acids, then each picks areai he wishes to emphasize. 
There is too much in the text because of a lack of time available when writing the revision. We are 
trying to write a smaller book with the same sequence for the second edition, 

8. Are we handicapping students by using one text over another? 

Don't worry about it. If the student has been trained to be autonomous, disciplined and 
responsible about study habits, use of feferenccs, etc., he won't have any problem on transferring. 

Summary of Discussion in Chicago Second- Year Cha mistry Section 
Fonowliig Profassor Morrison's 4ddrass 

1. What is your basic teaching methodology? 

Abolish the lecture during which students just copy anyway. Prune unessentials away from the 
course. Teach well, what you do teach. I may also present antifacts to stimulate thought. There is 
no point in starting a project unless the project ii done right. 
2* What is your approach to the content of the course? 

The fundamentals come first. Optional chapters follow primarily for good students and what 
we do, we do well. 

3. What new topics are to appear in the new edition of Morrison & Boyd? 

Spectra^-conformational analysis, carbenei, acids, orbital symmetry (photo-chemistry), and 
blochemistiy. 

4. What do yoii feel should be in lab? 

There are several new lab manuals. Use one that tends to bring the student closer to the 
reaUty of situations in real life. 

5. Soma students are not sure if the course will transfer from a Junior College* Fow do you feel 
about the conteiit? 

A terminal student would profit with an organic course, but primarily organic is for the 
student who is going on; therefore, the two-year colleges should do what the four-year colleges are 
doing. 

6. The book is accepted so wtU, one might feel ill at ^se throwing out inatarial m the text. 
Do you have an outline of essantlab? 

One can't really say; it depends on the clasi, A pe^on could cut material within a chapter. 
The new third edition is cut down in size with uptional chapters. One would have to use his own 
discretion according to his class, 

7. How can one abolMi le€tui#? What mechinia would be used? 

First, assipi reading material ahead of cla^. Secondly, get the rtudents to ask questions. The 
lecturer can then pick difncult parts and explain them In depth. This shoiild be followed by workmg 
a problem. 
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8. How do you handle questions from "nuts*'? 

One can deliberately not see his hand dunng class. Talk to him after class. 



THE USF OF SPECTRA IN THR SECOND-YEAR COLLEGE CHEMISTRY COURSE 

Irving Gloi^f r 
Oak Ridge Associated Universities 

Presented as the Sicond Year Chemistry Course Keynote Speech^ 24th Two- Year 
Collaga Chemistn^ Conferencej New Orlesni, December 5, 1970. 

The classical methods of quaiitative organic analysis (boiling points, milting points, qualitativa 
tests for elements, chemical tests for functional poups, forrnation of derivatives, mixed melting points) 
are excellent devices for teaching basic concepts in organic chemistry and laboratory skills. Modern 
methods of analysis, however, have dwarfed the classical methods in research and industrial applications. 
For examplej 40 years were required for the structure elucidation of the hemin molecule by the 
classical methods while modent techniques provided stnacture elucidation and synthesis of the complex 
molecule reserpine in less than 4 years. 

It may not be feasible or even desirable in the second year college chemistry course to provide 
the elaborate and axpenslve equipment required to obtain spectra of o^anic compounds. On the other 
hand, it is beconiing increasin^y easier to obtain and present the results of spectroscopic analyses. 
Spectra and spectral data are readily available from such sourQes as the Varian catalop (NMR)S 
Electronic Spectral Data^ and the Sadtler Collection (IR, UV, NMR)'. There is a wealth of self- 
teaching materials such as the texts with instructional problem sets (R. Silverstein and G. Bassler^j 
K. Nakanishi^, and R, H, Bible^) and work books (A. R, Gennaro^). Infrared, ultraviolet, nuclear 
magnetic resonance and mass spectra can serve as useful teiching tools to supplement both lecture and 
laboratory in organic chemiotry. Furthermore, their use can be inte^ated into the second year course 
without establishing a new unit of study concerning spectroscopic methods per st, 

If spectra are to supplement lecture materia^ then spectral interpretation should follow naturally 
with the development r f the organic course. The time to note that iaturated C-H absorbs near 
2900 cm^Mn the infrared is with the topic of alkanes, while intense ultraviolet absorption should be 
discussed in conjunction with conjugated double bonds and aromatic compounds. 

Consider the following example of the use of spectra to supplement the topic "Arenes." The 
popular text by Morrison and Boy d^ describes the identification of isomeric xylenes by the classical 
method of oxidation to the corresponding acids and dlfferentiationi on the basis of the melting points 
of the acids. 

The power and limitations of spectroscopic techniques are well illustmted at this point. 
Comparison of the infrared spectra of the xylenes (Ref. 5, p. 126) provides an unequivocal choice 
between the isomers without the necessity of oxidation to the corresponding acids. It should also 
be noted that no clean-cut diitinction can be made on the basis of nuclear ma^etic resonance or 
ultraviolet spectra (cf. Rafs. 1 and 2). TTie situation presents an excellent time for a brief discussion 
of the infrared absorption patterns of ortho, meia, and para disubstituted benzene derivatives.^ 

Spectra and spectral data for compounds studiid and synthesized in the laboratory can be 
posted in the labDratory or on the chemisto^ bulletin hoard with accompanying discussion, questions 
and references, Discuswon of the spectra may be required on the laboratory report or mi^t be an 
optional part of the laboratory propam. 

The popular laboratory experiments^ ^concimiiig the nitration of benzene, the preparation 
of aniline by reduction of nitrobenzene^ and i study of the properties of aniline provide an example 
of how to make use of infrared, ultraviolet and nudiar mapietie resonance s^ctra in the laboratory. 
The ultraviolet data-in Table 1 show the wavelength shift and enhancement of intenrity produced 
by chromophoric substitution (NO2 poup) on the benzene ring, the coffespondlng shifts and 
enhancement by auxochromic substitution »oup), and represdon of the auxochromic effect 
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when the nonbonding electrons are not able to interact with the ir-electrons of the benzene ring 
(NHj* group). 



Table I 



Compound 


E-Band 


B-Band 


R-Band 




Xmax 


(e) 


Xmax , 


ie) 


Xmax (e) 


Benzene 


198 


(8,000) 


255 




Nitrobenzene 


252* (10,000) 


280 


(1 ,000) 


330 (125) 


Aniline 


230 


(8,600) 


280 


(1.430) 




Anilinium cation 


203 


(7,500) 


254 


(160) 





*Called K-Band for chromophoric substitution. 



Comparison of the infrared ipectra''.'^ shows the persistence of typical phenyl absorption 
(3100 - 3000 cm^' and 1600 - 1500 cttT^ I characteristic absorption of the NO2 group (1515 and 
1350 Qxn^ ) and the NHa group (35O0 - 32O0 cm^^). Using the o-methyl derivative of aniline 
further illustrates aliphatic C-H (2900 crti^^ ) and o»disubititution of benzene (750 cm"-). 

The nuclear magnetic resonance spectra*'* clearly show the downfield chemical shift of the 
aromatic protons due to substitution by the NO2 poup, and the upfield chemical shift of the same 
protons due to the NH2 group. 
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THE ANALYTICAL APPROACH FOR THE ORGANIC LABORATORY EXPERIENCE 
IN THE SOPHOMORE YEAR^INSTRUMENTAL METHODS, OR . . , 
ANALYSIS IS BETTER THAN SYNTHESIS 
James A, Campball 

El Camino College, Toirance, California 

Presented to the Second^Year Chemiitty Course Sactionj 20th Two- Year CoUige 
Chemistry Conference, Fullerton, October 4^ 1969, 

Organic chemiitry ought to be a second year course. The laboratory propam should be developed 
so that there is an integration of spectroscopy, both qualitative and quantitative aspects of organic 
chemistry, and synthesis. At El Camino College we have a one-semeiter organic short course and a one- 
year organic chemistry course similar to a course at USC which we call Chemistry lA, 7B. For analytical 
chemistry we offer Chemistry 5A, SB. Second-year students at El Camino take Chemistry 7A, B and if 
they so desire they may take 5A, SB concurrently. Chemistry 5A is ^avimetric and volumetric analysis 
and SB is instrumental methods. We also have Chemistry 3 A, an introductory chemistry course. This is 
for students who do not pass our rigorous chemistry placement test for general chemistry. From Chemistry 
3 A students can branch into either our general chemistry (lA* B) or they can go into 3B. 

The textbook we use in Chemistry 3B is Conrow, which is deductive o^anic chemistry. In 7 A, B 
we use Morrison and Boyd. In the laboratoo' we use Boord and Bossart for some of the experiments and 
for theoretical aspects we use Robertson and Jacobs and a multitude of handouts which I have prepared 
and collected from various sources. 

In the 3B program we have three hours of lecture and three hourse of laboratory a week. In our 
7 A, B program we have three hours of lecture, one hour of discussion or pra-lab and five hours of laboratory 
a week. We have two hours of laboratory one day and three hours on another day. Although it is too 
difficult to program at this time, I think that if the students could stand it, the five hours of laboratory 
would be even more valuable if we could put it in a block because so much more could be accomplished. 

Articulation of 7 A, B with four-year colleges is important. First* students are your best advertise- 
ments. If they transfer and do well in upper division propams, there is no problem with articulation. We 
have had no problems with articulation. It is up to the Dean of our division as the head of our department 
to contact various people at the state colleges and universities to make sure that our course is acceptable. 
The single problem that we did have with a state college vanished after one of our students spent a year 
there. The head of that department said, "Frankly, you are doing better than we are for our own students." 
1 mention this because it is very important. One of the thinp which has been invaluable is the feedback 
Jnfonnation I receive from my former students. They often come back and tell me how they are doing, 
how they measure up and what they are lacking that other students may have. You ou^t to get to know 
your students so that when they finish your course they will ©ve feedback information to you. We have had 
feedback from the following institutions: Los Angeles State, Long Beach State, Fresno State, UCLA, UC at 
Santa Barbara, UC at San Diego, Stanford, the University of Illinois and Univenity of Southern Californii. 

In addition to developing a rapport with your students, I recommend you become i^quainted With ^> 
someone at each of the four-year institutions to which your students go, ftie faculty member will introduW:, 
you to other faculty members who will get to know you and your propam. When you want something ,v| 
like a couple of mass spectra, they can be most helpful in getting them for you, I now have actual mass ;| 
spectra that I can use to project and use as teaching aids. 

Next, don*t be afraid to experiment. We should get away from the idea that in the laboratory 
every experiment worics. I^en the student pts into upper divWon or graduate sohMl, not every r, || 

experiment works. Nine out of ten experiments may be failures; one succeii out of ten tries may be a 
very good ratio, I agree with the man who said that students often leam much mora throu^ an expeiWenf ^ 
that is a failure. Explain why it is a failure. Wlien you are talking about controvernr in modern orginie /j| 
chemistry, the possibility of ride reactions, conditions that are not always the mne or very difficuh to ; |i 
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duplicate, a student who has the idea that everything is going to be beautiful and successful in an 
organic laboratory has been mislead. 

What ought to be in the laboratory? 

1, The attempt to teach ilementary techniques. This must be taught regardless of whether we 
are talking about one lemester of lab for three hours a week, two samesters of two labs a week, or one 
lab a week for a year. We must teach students elementary techniques. At times we lose sight of the 
fact that the student coming into organic chemistry is encountering an entirely new area* He has 
never before experienced the types of techniques that he has to use in laboratory. You cannot provide 
a demonstration and expect him to go into the laboratory and follow suit. You have to be there; 

you have to demonstrate again; and then if necessary you must go out and hold his hand and show 
him how to hold the separatory funnel correctly. We spend about five weeks on elementary techniques. 
We prepare them for doing the types of experiments I want the 7A, B students to do* Teaching 
techniques is ideal for the way that Morrison and Boyd is written. In 7A I tell the students that while 
we are getting them oriented in the lecture part of the course to what*s coming, we will also get 
them oriented in the lab. There is no coordination now between the lecture and the lab. We also do 
this in 3B. 

2. Both 7A, B and 3B take up chromatography. The difference is that in 7A, B we have more 
time- we can do column chromatography, thin layer chromatography and paper chromatography. The 
ideal experiment at this point uses peen leaf pigrnents, something students are familiar with. In 
addition, you can have every student in the class bring a p^een leaf because if you have twenty-ei^t 
students, youll get twenty-ei^t different columns or TLC's and different separations. If you do this 
in 3B the lab time is almost gone. 

3. Next, we do some spectroscopy. By this time the students are far enough along in 3B 
lecture to have covered the functional groups that are necessary for your IR and the different types 

of protons that are necessary for NMR. You are ready to talk about elementary concepts of spectroscopy 
even In 3B. We do the same in 7A, B only in more depth. 

How do we handle spectroscopy? First, we use some CHEM Study films which are excellent 
for an introduction at this point. For example, we use "'TTie Vibration of MoleculeSj'' **TTi€ Shapes 
and Polarity of Molecules" and ^'Molecular Spectroscopy." 

Dr. Donald Hicks, Georgia State University, has a record called **Molecules-/. Go-Go."' So I 
stand up in lecture one day and say, "Who in here knows all of the modem dances?" I pick out a 
couple and say, **AJ1 right* I want to see you in my office." I then play **Molecules-A-Go-Oo" for 
them. There is an accompanying brochure which describes all of the necessary vibrational translatlonal 
and rotational motions they should do with their body and arms to do the dance. They practice and 
then demonstrate these motions for the class. This may look funny but it works. When they get done 
they understand scissoring, for eKample, which they didn*t understand before. They know what the 
molecules are doing and when you talk about IR they know what you are talking about. It isn*t some 
distant concept, 

4, At the very end of 3B the students do a couple of syntheses, Wien the student completes 
3B, he knows the techniques that he will encounter in a lab^ he knows something about spectroscopy; 
and he can do a synthesis if he has to. 

What do we have in 7A, B in the way of spectroscopy? We are fortunate at El Camino in that 
we have a UV and an IR and the students use them. We don't just demonstrate tham» We also use 
the overhead projector to show spectra to the students. You cannot skip over this area lightly since 
every chapter or every functional poup discussion in a book like Morrison and Boyd has spectra. I 
also recommend the Spsctm Workbook developed by Sadtler laboratories, ^ey haw three 
volumes. The third one is the test« Thty also provide a key« Tlia^ spectra voluines provide plenty 
of problems. There are 1 10 compounds for which they give you the UV* IR and the NMR data and 
spectra. During one semester you can assi^ 25 of these compounds. You don't have to worry about 
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the student copying. If he copies, he is the one that iDses, He can't do it on an hourexani. 

Students are tested. For tests I either take spectra out of one of the other v^orkbooks and have 
it copied and stapled to the oxan. for intrrpretation or I maka out worksheets giving thein the data, 
so they learn how to interpret spectra. 

When I talk about spectroscopy, I intepate the lat and the lecture. Students tell me that it is 
one of the most valuable parts of the course; they really understand. 

As far as the electronics of the instruments art concemad, we go no deeper than the 
electronics that are pven in Silversteln and Basslei, me Spectrommic rdentiflcation of Crgmic 
Compounds, I tell the students, '*My lectures are based on Silversteln and Baisler aiid there are 
10 extra copies in the library on reserve. If you don*t understaiid me, go ovar and read the book, 
you still don't understand it, come see me/' You should also have in your library for students to 
review, copies of Dyer, Applications of Absorption Spectroscopy, and Nakaiiishl, /racfi^^/ Infmrei 
Spectroscopy. Nakanishi is written from a practical standpoint for loniiona ¥^ho knows very littia 
about IR and seems to pve the students the riost problems. It also has spectra in it for the studants 
to work with and pves the answers to the problems, 

Bob Pecsok^s mm is available on NMR and some ejtcellent filni strips by Gatewy are availabla 
on chromatop-aphy. There is also one available on electjophoTeisei which I find valuable at the and 
of7B. 

We cover all of Morrison and Boyd. In addition, 3 to 4 weeks of lab time ara devoted to 
biochemistry of carbohydrates and proteins, 

5. After we have gotten through introductory techniques, chromatopaphy, thrae typas of 
spectroscopy and related instrumentation, we consider gas chromatopaphy. By this time students 
have all of the tools that are necessary to do good lab work, 

6. We then give them some elementary qualitative organic analysis (wat analysis). 

7. We do some Grinpiard reactions in which biphenyl is a bi-product. I take some of tha 
student's samples (or some old ones) and tun appropriate NMR spectra so th^y can see the purity 
of their products. I also have them do IR studies. 

8. We do a Friedel-Crafts reaction so that th^y will have experienca wth a raducad presiura 
distillation. By this time they have had simple distillation, fractional distillation, steam distillation 
and reduced pressure distillation. This puts us about 3/4 of the ^ay through our 7A lab. 

9. We do rates of chemical reactions. We have an wcallant axperiraant which one of my 
students brought from UCLA. It complementi the study of SN 1, SN 2, E 1 and E 2 phenomana, and 
it permits a study of first and second order reactions. This is a first ordar reaction which works walL 
Problems are pven to test the student's knowledge of the experiniant, He must do a valuable 
paphlcal interpretation. This experiment is popular with tha students. 

10. To wind up the lab for the first semester, we do analyses of alcohols including not only the 
classical work which differentiates alcohols, but also showing the appropriate spectra to tie things 
together. We're now through the ftfst semester of lab and about half way throutfi Morrison and Boyd. 

1 L In the second semester we utilize some of the techniques from the first semester and 
introduce a sequence synthesis because this is what students must do if they are going on hi chefflistir* 
Even if they are not, it still is a very good test of their technique. They must use the product cf eacli 
step in each succeeding step. We use a four-step synthesis which t^es about a month. ^ Unfortunately, 
at the end of the month some students have not made any progre^, but this is lometUng that they 
have to accept* 

12. Next, we do a kinetics experiment involving thermd control of the reaction. 

13. After this, they cho^e the next experiment that fliey will do. For exampli, they cm do 
the hydrolysis of nylon-^althoutfi it may seem unimportEnt, it can be vety intaiestlng to itudents because 
they realize that there are different types of nylong and they get different ras Jts. ^ce these diffaiant 
products are assembled, you can do some elemental analysis using spectroscopy- The students can Qmn 
see how they can use these tools to identify their products. 
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M. Wc have three to four weeks of qualitative analysis. The students are given three unknowns; 
the first one is easy, the seeond one is moderately difficult and the third one is quite difficult, lliey are 
expected to devise their own scheme of analysis. They can use thetr own books and other references. If 
they come to me, I can tell them wliether or not what they want to do is feasible. I go over it A'^h them 
and tell them if we have the appropriate reagents, etc. I do not let them use spectroscopy on the first 
unknown because that would immediately tell many of them what they had. When they bniig their arial- 
ysis to me, I approve it and then I will either give them the spectrum or possibly rerun the analyiiis. We 
follow this procedure on to the third analysis. The third one is usually so difficult that I give them the 
spectrum or the data immediately. You may wish to give only data since so much spectral information 
is gyaiksble. 

15. Tlie remainder of tlie 7B laboratory is devoted to johydrates, amino acids and proteins. We 
include optical rotation in this section. We also use thin layer chromatography and elc trophoresis. 

tiy tiie timt uic c,i Lainuio iiiuutiiu cu.Uipiwuui. ih., >j, ii^- ia^ua ti.i*w..,.v. . ^ 
iytical techniques; he has a good background in organic chemistry; and he is capable of transferring into 
upper division courses and doing well. 



CHAf!r.JNC OF THE SECOND-YEAR CHEMISTRY CURWCULUM: 
^MYSICAL, ORGANIC-BIO, ANALYilCAL OR COMPOSITE 

Norman Justcs 
Pasadena City College, Pasadena, Califoniia 

Presented as the Second Year Chemistry Keynote Speech, 20th Two- 
Year College Chemistry Confersnce, Fullerton, October 4, 1969 

Historically, the second year course in two-year colleges was based on the type of training or edu- 
cation that was in vogue for many years at four-year institutions for chemistry majors. Non-chemistry 
majors if they wanted a second year course in chemistry, had to sit through exactly the same couree 
as majors This was frequently an organic course or a year of quantitative analysis. Organic chemistry 
was principally a memory job: nomenclature, hundreds or organic reactions, synthesis approach to 
making compounds, and reactions to help determine structure. Analytical chemistry was traditionally 
pavimetric and volumetric work done by following detailed procedures. „ . 

Community college second year chemistry students are not usually chemistry majors. Chemistry 
majors in the second year course vary from institution to institution, constituting 5 to 25% of the 
chemistry students (average of 10%) throughout Callfomia. Pre-med students comprise form 20 to 40% 
of the students with an average of 25% taking the second year organic course. The percentage of pre- 
dental students ranges from 35 to 65%, with and average of about 50%. About 10 to 20% are in mis- 
cellaneous programs related to health and life sciences. This means that if 10% are chemistry majoR, 
the other 90% of your chemistry students are pre-med, pre-dental and health and life science students. 

When we talk about the type of couree we are going to offtr in the second year at the community 
college, we must keep out clientele in mind. We have a transfer problem from two-year to four-year 
colleges but with the number of people attending community colleges these days, perhaps we can 
convince four-year colleges that a second year couree designed to handle our cUentele wiU also suit 

their needs. , , 

Quantitative analysis, a customaiy second year chemistry course, has evolved to become largely 
instrumental and less traditional. Instrumental techniques are becoming more and more useful and 
instruments ar« frequently semi-quantitative unless they are deslpied as an adjunct to a more exacting 
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terhnique. In addition, wc expect thai f^ome of the traditionai wet quuntik^nve anaiyses will fhui 
their way into ali levels of courses, especially at the freshman level. 

The first year course is also evoiving. We know that there is much physical chemistry in it 
now and much of the descriptive chunu-ay has disappeared. Reaction theory, Ihermodynamics, 
quantitative analysl:; nrinciples, equilibriuiii ,>vinciples, kinetics and even some instrumentation 
introductions are discussed. 

Organic chemistry is also chniisging. Im role of syn*^^rin, I think, has been recoRni^ed as 
a tu/lc which has been given undue em*.h'^!fis, Acanilly, I'^e t^^ ais of doing syntbjtk sequences 
have limited use for 90% of our clientels, Vm not sure it is o great use to the chemistry majon 
In fact, if he i\ ^ood foundation in some of the principles of organic structure and chemical 
dynamics, hs t an pf^obabiy easily handle a course devoted solely to synthetic proceduren. As 
tiiught at tht ir^-^ro?H: ■ ayry levoK svnthc^sf^s nn6 n^f^f^"^ ^nn^ vnr^^ nnr^^^^^^tir, !t'^ mcntn! 

exercise divorceu horn such practicahties as condiUoiia (tuuiijuiature, solvents, catalystsj, side 
products and isolation techniques. Students usually do some of these things, but it is usually bv 
a cookbook technique. 

Modern organic chemistry practice requires understiiiidin^^ of reaction theory to answer 
questions concerning the role of the solvent, concepts of molecular engineerini:, and things that are 
sometimes barely mentioned in the second year course (photochemistry, high pressure chemistry, etc.). 
Some synthesis, of course, jsefui, but i think it should be tied in very strongl> and foUow a 
good discussion of reaction theory, chemical dynamics and the connection between molecular 
structures and proparties. There is room for the introduction of modem, snalytical techniques and 
instrumentation and increased emphosis on natural products in biochemistry. There is a tremendous 
amount of exciting development going on at a very elemental level in biochemistry if it is connected 
with molf^cular structure. lAmy institutions require a year of chemist^ before Biology I, It is 
useful to the modem biology student to concuirently take a second year chenrls^jy course that 
treats molecular structure while he is studying molecular biology. It should be exciting for a pre- 
medical or pre-dental student to uncover interesting relationships between ptmctfird fc^atures and 
physiological functions. The principles of genetic engineering^ vims control, and chemical relationships 
to physiological and biological functions are exciting. Furthermore, pre-medical students should be 
aware that many malpractice suits have been based on the fact that insufficient knowledge of this 
sort has lead to a misassignment of treatment for a particular patient, 

A course in organic chemistry or quantitative analysis can always be flavored with natural 
products to make it much more immediate and relevant to the student's interests and needs. It 
should be a composite course, including analytical techniques, physical chemistry concepts, organic 
chemistry and natural products, molecular biochemical applications and Instmmental analysis. 
Maybe this is not really organic chemistry, but the traditional subdivisions are rapidly fading. We 
have instituted a second-year coume like this that is similar to UCLA's couree. Our enrollment 
has nearly doubled in two years* "Diis indicates some student acceptance. Students that have 
transferred have reported not only no difficulty, but good results aitev taking the compOiite course. 

Such a course is expensive; however, sta^ering experlrriynts helps to defray costs. TTiere 
are some rather expensive chemicals needed such as enzymes and DNA. We purchisa one enzyme 
that costs Sl/microp^am, Fortunately we do not need very much, Conipared to the costs for 
large quantities of more common materials for synthetic procedures, these expenses ire not out of line. 

Our lecture schedule is generally unchanged. We begin primarily by discu^ing structure 
on a rather static baiis and ?iss lome instmmental techniques to provide evidence about structure. 
We discuss the relationship between structure and properties— the various related physiQal and 
chemical properties, solubility, boiling point, reacton theoty, review of thermodynamics and types 
of orpnic reactions. We spend another section on orpnlc reactions and proceed into biochemistry, 

28 
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About one-fourth of our yeur is n^mi on biocheniistry with a separate luxL The (jiHunHa^^vt^ 
work h in the laho'-n^nry cour^sn which also haF; a );»hfMMt. rv (ocune. We use ProW Fecsok's toxt 
ind laHoratoi-y ni^MU'nl Another fourfh our year i:> ^ on nhasc changes involving 
reparations and senii-quaiUitative ko.;H(u. s: an additionai K)urth UealB mih insLumuntalioti iiku 
spectroscopy and spectroscopic tochiiuiues, and sonic aqueous and non=aqueous chemistry involvinir 
titrations and mm of the pH meter. The last fourth of the one-year conisu is roughly divided 
into such topics as kinetics, radiochemistry and other special quar litative techniques that are just 
beiur' Jt^vuloped. 

When the mdimt takes in ■lemistry part of the course, he finds the same principles 
in the lab are u^^ed again and this empi..i»izes the unifying prlncipl rKcurhout chemistry. It is 
also very useful to the teacher because the student gets a secuj :j cuKk it .ome of these piniciples 

PUTriNG OUANTITATIVE Ai^^ A- . i^--;/]' ^AC^ h\ 'AJt CURI 
Univer^^ity of tiie Soutj], Sewanee. rennesscc 
SumnKuy of presentation U: ho Sccaiid-Ycar Chemistry Course Stciv 
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It was felt that classicai methods of analysis should be returned to the curriculum. Some of the 
techniques may be karned in freshman courses with the remainder being tauglit in the second year analytical 
course. 

From a ranc an survey of eighty articles in Journal of American Chemical Society and Journal of 
Inorganic chemistry, the frequency of analytical techniques used was tabulated: 

Journal of fl S. Journal of Inormnic Chemistry 

Total Pa,.. 

Spectrophotonietiy ! 

11 13 

3 10 

X-Rays 4 9 

Mass Spectra 6 ^ 

Gas Chromatography 7 1 

Elemental analysis, ion exchange, pH meter and different types of chromatography are instruments 
and techniques that must be learned by students. 

Many colleges have abandoned teaching traditional quantitative analysis. Many difficult techniques 
and calculations may be mentioned in the freshman class, but can be taught effectively only at the 
expense of many other topics. 

INTRODUCTION OF A BASIC INSTRUMENTAL ANALYSIS COURSE 
IN A SMALL, PRIVATE JUNIOR COLLEGE 
F. Paul Imeho 

Hiwassee College, Madisonville, Tennessee 

Invited paper prepared for Chemistry in the Two-Year Colleges, 1969. 

With the advent of the NSF Science Equipment Program and other programs of this type, both 
large and small colleges have had the opportunity to increase their science equipment holdingi. These 
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iiic^^asus have and should improve the chemistry curricuium by both ininrov^ni' uxistinp programs and also 
bepinniiip new ones. It is extrenicly in^pornnit that before any now progrnm i:i begun, the existing programs 
siu)uiu be funclioning weiL 

Hiwassec College offers two [)rogra!ns in gen<'ral eheiris^ y: the same text is i^ccd for both, but the 
approach and depth of materia! are (iifferent, The division in these programs is made the basis of 
chemistry background nnd ACT test scorjH. The average nimiber uf fltudents per year in these courses 
isliO studenifi out of u tolal cnrollnien: of 625 students. The organic chemistry course is a three cjua^Ler 
sequence with one year of ^vn^eral chemislry ^is a piCiequisite. Tbe a^^ernge enrollment is fificun students 
pe ' q^';^^^er. 

In 1964 Hiwassec was awan^jd an NSF grant lor equipment purchases ^o iniprcve the pre-medical 
r^snt^'is of the T^ro«»ram. pMrehns^^^ *>otn this firant were made from 1064 la 1966. 

iViosi oi iiie equuuviCM: p. ciuc^cu v.^as being used inircquenuy in the c:ii;nnstiy courses oecauuc 
■ ' f)i *nne?j curricukuii chrngrs ;.-)uid not be relized in a short time. At the same time new equipment 

. '."tOng idle, our nced^ 'br basic supplic'> and eqi'inmeni /or our ;?cnerai course cfftrings bcc'uii^ critical, 
fa wc did nut apply ior an iHSi^ ^^"tnu biii iiuUeau ^:.;Ci"h. aU oi oui' ailQeaLC(j iiiiul to iiiiprove our Dasic 
i iboratory situation. 

Today we are probably as well equipped as niost small, two-yuar colleges. Our geicrai chemistry 

ill 'v^i Ui iC^ ii^.. . a niLiKiiiiiit.i Ui i v> btUUCiitd pCi pCriUU, All SlliUUilib WUilC inUiVliUiuiiy Wiiii iiiWii 

own glassware and equipment. Each organic student has a ground glassware k't and support frames. 
Organic students use some instruments such as melting point apparatuyj the analytical balance hm^ an Abbe 
1 ^rractometer to determine purity and concentration of their products. We pian to purchase a LiV-visible 
spectrophotometer, a gas chromatograph and an IR spectrophotometer. We feel that this would improve 
our hihoratorj^ facilities very n uch. 

Feeling that the regular laboratories and classes were adequately staffed and equipped, we felt 
justified in offering an introductory instrumental analysis course on a one quarter basis. We had the 
in^lruments and cc^iiipinent for t'i^ course and n!so felt that it would serve a student need. Wc had niuch 
help and encouragement from staff members of the Teacher Training Division of the Oak Ridge Associated 
Universities. 

Fundamentally we have a laboratory course designed to acquaint the student with the theory, 
operation, limitations and use i of basic laboratory instruments. The course includes experiments in the 
following areas: 

L Separation Methods 

A. Paper Chromatography 

1 . Separation of inks 
2* Separation of sugars 

li Thin^Layer Chromatogiaphy 

L Selected experiments in thin-layer chromatography; quantitative, preparative, qL^alitative, 
reaction kinetics, natural product separation, purification of organic materials 
If. Optical Methods 

A, Spectrophotometry -Lambert's and Beer's Laws 

L Determination cf absorption spectrum of Cr^ ^^ solution of known and unknown 
cQncentrations 

2. Simultaneous analysis of two-component mixture of Cr*** and Co*^ 
R PnlfiHrnetn/ 

1. Determination of concentrations of optically active substances 
IIL Electrometric Methods 

A. Conductrometric 

Titrations of HCl and HOAc svith NaOH to determine Ka for acetic acid using the conduc- 
tance bridge 

B. Potentiometric Method 

pH titration of H3PO4 mixtures for determination of using pH meter 
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\. OpyrH^ion nail cii^inicicrisiics in ( k'iuoi"-r!;ucil^;." 'ube 
I Plateau 
Background 
B. Alpha, beta and stamina rartiatiop 
C Half-valut hiycr 
i>, Hal Wilt? of isiwL. c \ n 
The course is on the sopltoniore level -'^^h the prerequisites of one year of gencr.^1 chemistry and 
one year of intermediate mathematici], Lust 'ear fwelve student enrolled in <he ?aurse over the Uiree 
nuarteii. ■! wj were n!-aqed with the resuiki both in student progress and the.r attitude toward tiie course. 
We plan expand the program in the future m time and money permit and offer aiore expericiices for 
our students. 



':'^e, Mnria\ina, FU>rid 



Inyi^cd papur prepared for Cheniisity In the 'i\vo-Ycor Coii^^'^rs, M^y 21^ 1971. 

The i\mr. w dt'FVHrnHM!^ at Chipola Junior College has been engaged in a vanety of communiLy 
service activities .ue 196^. Ihese include thxm non-credit short courses, a three-semester-hour instrumental 
analysis course, four equipment demonstrations and two seminars presented by prominent chemists. AH 
progiams have beeu scheduled as evening events and, with the exception of the seminars, were designed 
primarily for community service. Tlie participation of area industrial personnel science teachers and govem^ 
ment employees has been excellent and plans are being made for shiiilar activities for the next school year. 

Tlie most extensive experience with community service programs in chemistry at Chipola has been 
with non-credit short courses. A short course on Infrared Spectroscopy was offered during the fall semester 
1968. A second short course on Gas Chroma tograpliy and Visible Spectroscopy was offered the spring 
senic5Ster, 19t>9, and a third program on Elecuuanji_,';icai Cluniistry was give ^ during the spnng scii.cstci, 
1970, In each f^ourse the method of instruction was an informal lecture-discussion. The enrollments wer^? 
12, 26 and 20 students respectively. 

Each course consisted of twelve and one-half hours of instruction during five cessions over a period 
of either two and one-half weeks or five weeks No written or oral examinations were given. Of the 
58 participants, 45% were industrial chemists or industrial laboratory technicians from Panama City or 
Port St. Joe, Plorida, or Cedar Springs, Geor^a. Thirty-five percent of the participants were science 
teachers. None of the group were full-time Chipola students. The total cost of all three courses including 
instructor salaries was less than S700. 

The Infrared Spectroscopy course was structured around the American Chemical Society's filmed 
short course prepared by Norman B. Colthup. The film was prefaced by two lectures on the fundamental 
principles of spectroscopy and followed by a demonstration of the Perkin-Ehner Model 700 Infrared 
Spectrophotometer. No textbook was required for the course but Gordon Ban^ow*s* book, The Structure 
of Molecuies, was recommended reading. 

The second short course consisted of two lectures on the fundamental principles of gas chroma- 
topaphy and two lectures on the fundamental principles of visible spectroscopy followed by a demonstra- 
tion of the Coleman Model 21 Flame Photometer, the Coleman Model 14 Spectrophotometer, the Perkin* 
Elmer Model 390B Atomic Absorption Spectrophotometer and the Carle Model 6500 Basic Gas Chromato- 
paph. More ihan ISO iraiispaieacies were used for the lecture and laboratoty presentations. No textbooks 
were required for the course but Instrumental Methods of Analysis by Willird, Merritt and Dean^ was a 
recommended reference. 

The third short course consisted of five lectures on the fundamental principles of electroanalytical 
chemistiy which included a consideration of the applications and limitations of more than fifteen analytical 
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t JcSnuquos, > .V is^:; c, j ojcclorK v/c,^ opcralccl simultaneously .,nd more tha.. 150 transparencies 
v/urc ?';ed UurirK- ^hi im-^; ••';s;juris. No textbook wnj; required the coursn, but several rcftrcrices 
^^erc »c::Ohimc!Ui/d inciudirm Urmanc's'^ book, l^lc 'troanalyiical Chemistry, 

A buiatcvK written ; ration of llic short courses was obtained in February, 197L Forty percent 
.A iiH: / oup Completed and returned an cvaiuL:tiun Unni. Sixty-nine percent of thosL responding indicated 

M ,hey would r^'commend the coursc(s) to u friend. Eighiy-eight percent indicated that ahTiost all of 
l.-:: class time was well ppent. Twenty-four percent indicated that the imperial should have been presented 
in ? e slowly, A number of other helpful suggestions were included in the responses. Of the 58 parties- 
pani.; m the three short covvvcs, 26 individuals attended only one course^ 13 persons attended two of 
?'ic CDur>eH aiu^ two perple Utended all three courses. 

The ni acute problcoi encountered in offering short co rses was ccaiiniunicating with potential 
pailicipants. A computeiizcd mailing list was csi:^ Mishcd between the second and thiru course. It has 
ivM^n npHnff^H :>nd pxtcnrh'd neriadicnllv nnri used c^xiRnf^ively in ??^bReniient prograns. Official college 
ncvvs reiuascs and a current mailing list hjive solved the communications problem. 

Hxperienca with short courses suggested a need for a community service introductory instrumental 
<H\aiysin ^'ovjm. A survey was conducted in May, 1970. fhcic was sufrcient interest to proceed with a 
iivW c-.Hii';:;u, Tile college curriculuin coriuniUcc hud cavlici approved the course to be offi^red on demand 
as a p-u1 nf Hic evening prognjii during ^bf^ fail semester, 1970. ITie catalog description of fie course 
is as IoiI^^^'^k: 

N8C 2yO, Modern Mc^liods of Analysis. 

A course designed for scieni e teachers, clinic -ji technologists^ cheniists and others who 
su eu an intruduuiion to rnodem analytitai methods in the sciengeSj nspecia ihose of 
^ieparationj spectrometric methods for the study of molecular Btructure, and eie^^ro^ 
( Ji.^fnical and radiochDniical methods. Prerequisite: at least m% nester hours n 
natural science area, including general chemistry. Three semester hours crc^dit. 

The course irost closely resembles the lecture portion of a junior or senior levn Jnstrumeutal analysis 
course in most chemistry degree programs. It was designed to emphasize the usefulneiS of analyMcal 
tcchniQues tn :;;cii^n"o dl^^cipHi c3 other than chemistry The course was not designed 'o be thG ecju^'alent 
of any other course in any curriculum. Chipola freshmen and sophomore science majors were not paimlttad 
to unroll in the course. For these reascns it was entitled Natural Science 290. 

Nind persons enrolled in the course. This included one of our faculty, three area science teachers, 
an industrial chemist, a medical technologist, two science instructors from a neighboring junior college 
and a ;ecent computer science graduate. Two of the nine students ejected +o audit the ^ oursc. 

Classes met three hours a week for fifteen weeks. TTie course was taught with the aid of cemon- 
strations, slides, transparencies, film loops and films No examinations were ^ven. Instead, problems and 
questions were prepared for participants to complete between sessions with the use of any reference books 
available The major topics of the course are listed below: 

1 . Treatment of Analytical Data 

I Separations Based on Phase Changes 

3 Extractions 
Chromatopaphy 

5, Thermal Analysis 

6. Nuclear Magnetic Resorance Spectroscopy 
7 Infrared Spectroscopy 

3, Uhraviolet Spectroscopy 

10 Atomic Absorption Spectroscopy 

1 1 . Electrochemical Measurements 

1 2 . Radiochemical Methods 3 2 
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tA.ghfiglUi; vi ■ s . n irv; Hicludud the demQnstrat.on of tour aaalytical instnancnts. On request* 
the PerkiivEinu*f Co\hv^^n\on demonstrated their Model 1^90 Gas Chiomatopaph, r-h. aan Instruments 
demonstrated their F\/i.. 'e! 124 Visible-Ultraviolet SpcctkOphotomceer, and Sciuntific Produuts demdnstrated 
the Bausch and Lonih . C2-20 Atomic Absorptioj Spectrophotometer, in addition, a Sargent Model XVI 
Polarograph was receive< on lean from Sargrnt-Wclch Scieni ' ' Company Tor demonstration. Each of 
the progra^is was Mir?ounced well in ad%uince and interested |)er^ons in the area were invited to attend. 

Brochure:^ and other materials of vdMcational value were ul ained on request from several companies* 
This proved to be an abundant source of useful mateiials for tue course. Beckman Instruments Bulletin 
295-B on .spectrophotometry and 7079 4 on dectroanalysis ar.^ just two examples. 7 he Varian NMR 
nini vm ^i\m obtained on request at no coit 

u; iextbonk Eelected fcr the c a : : \?'ai the recent publication Undergmduatc Instrumental 
Analysis oy James W. Rohinson'^. li w;^^- r os: t^seHil to students with !h(; I ast experience in analytical 
rh(>r>i^rf-%^ , i^f^^^^n^--- ^^'^ ^- m^--'- ■.r;fi \ n. rffp:f<yf^ fipMn '^nmr n?^x^ ^r^H, Sov«?ral suitable 

rcicioncv. i^'\:k^ fui- im counic v/;h pa .\aii^,.).e a^-- students io ^v.^ chas^;, liiese v^iU include the Kobmion" 
book, the r ,- r', md Siiicid^r^ Loc;k and it. Wula: ivfcrritt, and .^^e^^n^ text. None of these inchide all 
topics disciu;sed as notes are prepoicd ^.^ii more than twcniy references, 

Theri; ^as no formal uvaaaiiioii the cour^u by studenii. Ot employj^i's of students. However, an 
almost perfecl attendance record and intbrmai conVv;rsations with students indicate that the course was 
worthwh le. 

"iM ioiai c . L uic uuui:>.; iiiLiUuing the instruclors salary was less th 41 S60Q. 

Chipola esuibhshcd a Nncura! Science Division Seminar Series for the first time last school year, 
r^vo fin- pt^o^rm'^'^ - crn cvnTifng proffrnms in chemistry. The speaker*^ were a^ked to direct their remarks 
to freshman science students The public was invited to attend. The two programs^ 'Metal Contaminants 
in the Environment*' and "Kietals and Enzyme^r were well attended by students and area residents. 

The development of community service programs and courses provide h refreshing escape from the 
rulec and traditiooF that disconraga inno^ ation in transfer programs of comnmnity colleges. Let us hope 
that "articulatior" will have no counterpart in emerging community ser/ices. 



* Barrow, Gordon M. The Stnicture of Molecules. New Yo/k: W, A, Benjamin, Inc., 1964, 

^Willard, Hobart H., Merrit, Lynne L,, Jr., and Dean, John A. Imtmmental Methods of Analysis. 4th 

Edirion. Princeton: D. Van Nostrand Company, Inc., 1965. 
^Lingane, James J. ElcLtroanalytical Chemistry, 2nd Edition. Nuw York' Interscienc^ Publishers, Inc, 1958. 
^Robinson, James W. Undergraauate Instrumental Amlysis. New York: Marcel Dakker, 1970. 
^Pecsc t;, Robert L, and Shields, C id Moi'eni Methods of C^'Mmtcal Analvsis. New York: John 

Wiley and Sons. 1968. 
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0;rnER IWTRCMjUCTOEY_ CQUgS^.: ■/ CQNTENI' AND CUE ^.^^jCi J Ui M 

'mE CHALLENGE OF CHEMISTRY 
TEACP: CHEMIST W TO TOE NON^SCiENCE MAJOR 

Fhillip Horripri 
Somhern Connecticui Sl:iic ( oiic^^c 



Prosuiited as the na^inninr; Clv.?inbiry Keynote Sp^cciiai fhs Tvjo 
YQ.avVolhge Cheinislry Cionlcrunco, Baltinio-ej Februj^ry 5. 197 




For iiemistry auyor, the chemistry professor and the research oh jmisc, chemls'ry is a con1i??!Urig 
mid Hicmi^^i challenge. Leaming^ conuiau^H- and appiyHig new lacts is ftscinating and :=ewafding for 
these people. On the other handj chemistr> Rents a difTereni kind of challenge when we consider the 

h r i?cr students towai ^ science courses in genera\ it is truly a challenge to teach them chemistry. 
■ ltf<e to present sevt'in) facets of this topic as follow*^: 

(a) Is it important for the non^science major to have an understarKnvig of science, in general^ 
or chr ^istry, in particuJar? 

(b) Acknowledghig the importance of chemistry for the non-science major, how should 
in iie. presented? 

(c) Who should teach such a course? 

(d) My personal experiances with this course ' 3outl'3rn Connecticut State College. 
L k it important? 

I don't believe that there iv^r has b^cn more pubJic attention focused on scientiflc matter. 
Eveiyone is conceriiti'J about poUution, drug^.. fo^^cl additives, smog^ carcinogens^ radioactive waste 
and nucleor c^^ rgy. Ct^rt u:i!y these topics r:^ niany rMated nnes should be of deep concern tc in 
all We, throui. our elected and appointed r presentatives, must make wise decisions that affect us 
and will affect our children for generations. Unless the public undei stands the scientist and his 
work, it Caiint- iriakt; ru^bonaDle iiucrpretatiOiiS of the fact^ cuat arc presented. ConsCQucntly tiiQ 
public W'll no^ be able to make wise decisions on scientiflc matters. 

This problem, is not uniqiie with science and the non-scientist. A major in any field should have 
a basic understanding of the other fields of knowledge. A person who takes courses in a very narrow 
area will someday regret not knowing a little about another r ^)ortant area. I remember taking an 
economics course^ which was one of my general requirements. The instructor and the course were 
extremely dull and uninterestlrg. All I can recall is that supply and demand have an inverse relation- 
ship. Some time later I operated a chemical business which did not turn out well. The products we 
sold were excellent, but the busi*iess acumen was not there. Perhaps a more lively and relevant 
economics course might have made the difference. This is an example of a scientist with a poor under= 
standing of another important field. 

As for the non-science major^ some training in science is, I believe^ a "niuit." A school may 
requh'a one semester^ two or even more. TTie context may be in physical or biolo^cal sciences or 
both. As for choosing a biolo^cal or physical science, I personally feel that as long as the course chosen 
is suitable for non-science majors, is interesting and relevant, it really does not matter whitfh area Is 
selected. ITie physical science course is usually chemistry, physics or a combination of both. The 
general student is often more frightaned of physics than chamistry and if faced with a choice will 
generally pick chemistry. Recent changei in the approach to teaching physics will no doubt have an 
effect on this attitude. However, I thinlc that since there ci.n be considerable coverage of the 
principles of physics ui the chemistiy survey couiia then the choice should deflnitely be chemistry, 

2. How should it be presented? 

I have already mentioned student "attitude'' toward chemistry and physics courses. It is this 
attitude, this mental block, so to speak, that w& have to overcome. The avemge student hm a fear 
of chemistry with its strange symbols, equations and particularly its mathematical operations* If we 
can overcome this fearful attitude we will be better able to communimte with the studants that come 
to us. 2g 




Dc wc f^nve to teach general ctwmisiry to the^r noivscience students? Gtnur^il chemistry is a 
foundation course that contains the basic principles and iacts on which to buHd a larger structure of 
cheniical Imowicdge. it is designed not as a survey of chemistry in general, but as a beginning course 
which niu 1 n. added to In order for the student get a complete picture. The chomistry major 
cannot fiilly appreciute all be has had to learn in general chemistry until it is applied and amplified 
in upper level courses in Drganic, physictd md inorganic chemistry. Consfcquentlys does it make mm^ 
to give the general chnmiAtiy course or an abbv viatlon of a general chemisti-y course to a non-science 
major'^ I think mony college educators are agreeing now that a Iruly differei;! approach is required. 

V/hat approach makch sense? Although there is probably more than one answer to this 1 wUI 
present what I think m a reasonable one. The saident should learnj in as non-mathematical a way 
as possible, the basic principles of chemist \ He should underst jd the structure of the atom, how 
bonding takes placn. fiow elements are classilied, what a chemical reaction is and how and what the 
chemist studies m uic laouralory, nc uuiu m made aware of liid bcieiiuuc aiiiLUue, uie tygcb Oa 
research being performed and the vaiiiiu:> problems involved. He will be anxious to examine many 
of the appUed areas where chemistry plays sucri an important role. Which areas and how many is up 
to the particular instructor. While covcrii.g tliese relevant areaSj basic principles and facts can be 
expanded in a rather pairdess manner. Thus the non-science student will learn chemical facts z-wi 
principles, what the chenrisi is doing and what role chemistry is playing in the world about us. 

As for tliu scheduling gT the course itself, r niay Dc :ii lecture or icciurc v/ith laboratory, ; 
have observed that laboratory exercises which are designc for this apprc ■ h are welMiked by the 
students. Further the lab work allow?, great latitude in supplementing lecture material In particular 
simple mathematical oper^ tions can be presented more easily Ln a laboratory atmosphere than in 
lecture. 

3- Who should teach /f ? 

Teaching a non-major survey course has long been a problem in every area. Professors often 
refer to these as the "baby'' courses and f ^ J that they would rather teach higher level courses to 
thei*^ own major students. As a result, the preparation and delivery of these courses ha\e often been 
careless and substandard. The students detect this attitude and are ''turned off/' In chemistry, in 
particular, instructors have been known to walk into cla^ each day with a piece of chalk and present 
one problem after another. TWs keeps the class quite busy, confused and unintorested. Recently, 
however, students are speaking up and are demanding better courses and more flexibility in 
choosing the courses that thev must take. At the same time many instructors who have recognized 
the need for improvement ir tiie non-science major chem course are doing something about it. 
Who then should teach the course? Certainly any chemistry instructor who believes it is worthwhile 
to communicate chemistry to the non-science major. If he feels that this is an important mission 
rather than an assigned chore he should teach the course and he will do a good job. 

4. My own experiences with a non'science major chemistry course at Southern Connecticut 
State College. 

Whm I was first assigned to this class I follDwed the course outline and recognized ri^t away 
that something was wrong. It was like a one semester couiie in general chemistry. TTie students were 
terrified and most went away dissatisfled. TOs past semestar I had an opportunity to taich the 
course in a new way. I had 94 students. We met for two one hour lecture periods and one two hour 
lab period. The course proceeded as I have already suggested. We had some lively lecture discussions 
and the class seemed to enjoy ipecially desipied laboratory exercises. Each student wrote a term 
papar on something that was chemistry related and of interest to hlm^lf, I raMived soma axcillent 
papers ! Obviously the students ware anxious to get involved in certain topi^. Finally, I must tall 
you that although there were 94 students in the course this semaster I have 544 signed up for the 
spring semester. I can only think that we must be doing something right. 
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A SUGGESTED CHEMISTRY COURSE FOR 
mHALATION THERAPY STUDENTS 
AUan B, Saposnick 
Coivimunity College of Philadelpliia, Philadelpliia, Penmylvania 



Fitiicnted at ilio Chcniistry for Health Professions Suction at the 2!jth 
Two Year Collegu Cheniistry Conference, iialtimore, February 6, 197L 



Today there is something approaching one hundred or so community or junior culleges eiHier conducting 
a coinplete curticulum in inhalation therapy or providing college level courses for inhalation ti^erapy students 
from hospltai-oriented schools. Since w^my of you are not faniiliar with the relatively new allied medical 
spi^cialty of inhalation ihcrapy, I should like to begin by brieny describing what an idialation therapist and 
an inhalation therapy technician di and discuss for your editlcation the background and training of most 

Inhalation tlierapy is an allied iiealth specialty in the treatment, management, control and care of 
patientf? with deficiencies and abnormalities associated with the processes of breathing. The uihalation ther- 
apy ^p^jcialist, wliich includes bo^h iiihair^on therapists and inhalation the^-apy tecUnicians, must be expert 
in the therapeMtic uses of such aids to tlie breafhiiig process as medical gases, oxygen administering apparatus, 
humidification, aerosols, positive pressure ventilation, chest physiotherapy, cardiopulmona*-y resuscitation, 
and mechanical aimays. 

Inhalation therapy is usea primarily in the trein^rient of heart and lung ailments, such as cardiac failure, 
asthma, pulmonary ^denia, emphysema, cerebral thrombosis, drowning^ hemorrhage, and shock. 

Aiso, inhalation therapy employs a variety of testing techniques io assist in diagnoses md medical re- 
searclL 

What specifically are the duties aad responsibiUties of the inhalation therapy personnel? The inhalation 
therapy specialist serves the patient, following specific instructions from the physician. To do this effectively, 
he must understand the physical and psycholagical needs of the patieiit, the doctor's goal in using inhalation 
therapyj aud just where and how a specialist's equipment and know-how fit into the traati it picture. He 
deals dJrecily with patients and their families, as well as doctors, nurseSj and other hospital &ijff. He must 
be thoroughly familiar with the technical operation of his equipment in the application of the various inhala- 
tion therapy techniques to speciflc patients. He is given the responsibility to teach patlentSj nurses, intarns 
and others, especially at the bedside, as questions arise regarding techniques and equipment. 

Hospitals are the largest employers of inhalation therapy personneh Inhalation therapy departments are 
considered necessary at general hospitals and medical authorities now advise their establishment at hospitals 
as small as fifty beds. Many of the larger, more progressive departments have in excess of fifty Inhalation 
therapy personnel. The rapid powth of inhalation therapy training programs at hospitals, vocational-tecltnical 
schools, junior and community colleges, and other college propams are opening new jobs for those who wish 
to teach. Qualinad Inhalation therapy personnel are in demand throughout the world as workers and teachers. 

The rapid increase in the technical complexity and variety of inhalation therapy used in patient care has 
resulted in two general classifications of specialists — inhalation therapists and inhalation therapy technicians. 

Both specialists must be fully capable, under medical supamsionj of administering to patients ihe thara- 
peutic and diagnostic proceduras of inhalation therapy and of cleanings sterilizing, and maintaining inhalation 
therapy aquipmant. Based on hJs advanced educational backpound, the inhalation therapist is given peater 
responsibility in patient care, teaching, research, and department superviilun in the devalopment of the field 
of inhalation thefapy. The therapist has mora opportunity for immediate advancament and is in a higher 
salary bracket, 

|ri order to be eHgihIa tn ^it fnr the Registry Rx«ms for mhalatioTi therapists^ one must have an 

associate degree or the minimum of two years of college, and be a graduate of an AMA school of inhalation 
therapy. Most therapist training rrograms are now coUega-based, affiliated with one or more hospitals for 
badsida clinical axperienca, and provide the student with classes in the blolopcal and physical sciences as 
well as in general education backpound. The therapist is taught not only how to do it, but much emphasis 
is placed on the theory of what he is doing. ^ 
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The technician, on the other hmd, receives his training for the most part in an on-the-job tyoe fetting 
in progranis conducted within inhulation iherapy departments in a hospital. Most technician training pro- 
grams are of one year's duration and do not grant aL/ college credit. The emphasis in a technician training 
program is on how to do it and to prepare an individual to be able to perform the basic and routine types 
of inhalation therapy effectively and safely, but witn only elementary undersiandnii of why he is doing so. 

Now, what iife the clieinistry needs of students in two-year associate degree inhalation therapy pro- 
grains? First of all, it must be kepi in mind that most of these students may not have had any chemistry 
or physics in liigh school and that most are not going on to further chemistry courses or to education be- 
yond the associate degree. Although I am not a chemistry teacher, I should like to attempt to outline for 
yru what 1 feel would be a chemistry course for inhalation therapy students. This course would be oonduc- 
ted over a fifteen -week semester with three hours of lecture and a two -hour lab each week. i"he course 
should he designed as a survev in the fundamental laws and theories of chemistry, but be of a practical 
and applied nature rather than ^vith heavy emphasis on theory such as is commonly found in freshman 
chemistry courses for chemistry majors or even for pre-nied or similar type students, . , 

could start of! with a discussion of the history of chemistry and the various divisions of the chemical sci- 
ences. One might imn brielly present and discuss the following areas: metric system, mass, weight, eie- 
nienty, symbols, rompormds, mixtures and formulae. This would be followed by a discussion of the atom 
and its compositioii: atomic weight, periodic classification, the molecule, molecular weight, and Avogadro's 
Law, States of matter, physiajl and chemical changes, equations, types of chemical reactions, laws of 

the first three- weak block. Obviously, the above irmterial might provide enou^ meat for a full semester's 
course. However, I must again emphasize that the primary purpose for this cheniistry course for inhalation 
therapy students is to provide tnem with a fundamental background and with basic knowledge and defini- 
tions which they may be able to apply to their inhalation therapy subjects later in their training. This is 
strictly a survey course and the instructors must realize that much material will bo left uncovered and much 
must be left unsaid in a course intended to be as broad as this one. 

The lab associated with the first three weeks of the course might include an introduction to basic labora 
tory techniques and the scientific method and perhaps some elementary experiments in such things as physi- 
cal and chemical changes and types of chemical reactions as well as practice in formula writing and equation 
balancing. 

The next three-week block would be devoted to looking at two elements hydrogen and oxygen. 
One week might be devoted to the element hydrogen and such things as its occurrence, preparation, physical 
properties, chemical behavior, would be discussed. The second week would be devoted to oxygen and the 
same things as above would be discussed with the addition of a discussion of oxygen's relation to biolo^cal 
systems. The third week could be spent on oxidation arid reduction. 

It would then seem logical to move into a four^week block covering the following subjects. Tha first 
week would be water and the following topics couid be covered: cornposition, electrolysis, physical )rop- 
erties, chemlcai behavior, hydrolysis. The next week could be devoted to solutions and cover diffusion, 
dialysis, and osmosis. The third week would logically seenrt to be a discu^:sion of electrolytes and ionization. 
Again, I would emphasize at this point that in discuising these topics, one could easily relate the cheniistry 
to biological systems and bring up such things as isotonic, hypotonic and hypertonisity, blood plasma, elao- 
trolyte balance, water balance in the body, etc. The fourth week of this block could be devoted to acids, 
bases, salts, pH, buffers, molar and normal solutions, and again, all of this could be related to human and 

biological systems. * r^k i » 

Tlie next week could be spent on gas laws and should include brief discussions of Boyle's, Charles , 
Gayaussac's, and the combined gas laws. Also, properties of gases at extreme temperatures and pre^ures, 
iiiucal temperature and pressure, and triple points sliould be mentioned. The following week should be 
spent on the halogen family and in a brief discufsion of some of the important metals such as sodium, 
potassium, calcium, iron, mercury, etc. The foUowlng week would be continued with some of the unportant 
non-metals such as nitrogen, anrmonia, sulphur, etc., and with the morganic carbon compounds of carbon 
dioxide and carbon monoxide. 



The last two weeks of the course could be devoted to organic chemistry and woiil^^ only generally 
touch on ^^neh Uiirip general princir ^nd classifications of organic coinpounds unci organic chemistry 
as applied to bodih functions, such as enzymes, digestions, mefHbolisiti, etc. 

1 am sure thcu .o the professional cliemistry educator tne above outline seems like an impossible task 
to eomplete in one semester. I heiievc, however, that it can be done if one carefully consiners the aims and 
objectives of this course and structures it accordingly. 1 do believe, however, that the seNction of a textbook 
and perhaps a laboratory manual for tliis course is most important and would suggJaC a book wliich I feel 
is at about the right level for inhalation therapy students and would fit well into a course in chemistry 
such Qh I have outlined. The book is entitled Principles of C/wmistry, by Joseph Roe, published by C. V, 
Mosby. I might a'so mention that i^^ may be most he -iul to the chemistry instructor to confer with the 
inhalation therapy instrictor and perhaps to make ust of the student's inhalation therapy texts for some 
of the chemistry course reading and problem solving. We have found this to be quite usef J in showing the 
St dent nov/ the chemistry directly relates to his inhalation therapy. One of the inhalation therapy texts 
v/iJely used is entitled Fundameritals of inhalation Therapy, by Donald Egan, published by C. V. Mosby 

reading a ul also for some problem solving. 



ALLIED ^^kr.\LYH CHEMISTRY - NO SUCH THING! 
Howard Taub 

Presented as the Chernistry fcr Non -Science Majors Keynote Speech^ 

26ih Two^Ycar College Chcmi:.''v\ ContctQmc, Los Angeles, March 27, 19"* . 

From 1950 to 1966 the total work force increased by 29 fc. 

During these same years, tlie number of allied health workers increased by 90%, 

From 1*^66 to lV/5, a 40% additional increase is predicted - that means one million more individuals, 
rriOht of college age, are now in the process of entering a health field. 

In addition, secondary school systems such as the State Board of Education in Oregon and the Los 
AngelcK City School District are exposing students to the health occupations by setting up allied health 
clusters in their curricula. 

How are all of these pressures going to affect community colleges, especially their science departments? 
One thing is certain: the faculties involved will have the responsibility for training and educating increasing 
numbers of allied health workers because trade schools and on-the-job training pro-ams wdll not be able 
to keep up with the demand for more and better health services. 

The question to be discussed here asks, *'How is an allied health course set up and what chemistry 
should be included in it?" 

One approach to setting up a new course is to do what others are doing. An example of this occurred 
at a local community college. Half of the students were flunking the physiology course for nurses during 
the first year because they didn't know the fundamentals of luman anatomy. These fundamentals are 
stdpposed to be taught in a prerequisite, general anatomy course for all students which requires the dissec- 
tion of a eat. Consequently, although the students knew all about the location of the nerves, muscles and 
bones of a cat, they knew nothing about human anatomy! The instructor's justification for using this 
method Instead of one which teaches human anatom, is the fact that ''everyone dissects cats in anatomy 
classes.'' 

In the same way, chemistry courses which cover difficulty abstract chemistry principles designed for 
allied health students . juld result in the failure of these students. Let us look at the chemiitiy coursis 
listed by a couple of community colleges. 

An Eastern community college bulletin schedules the following two be^nmng courses. 
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Chun n Princiri^^j of Chemistry I (3 class houi; per week) 



For students not mujorina l\. pit li scicuct: ur ynginaenng sgience, MaJcru 
concepts of atomic and moleci- -"utq and periodicity; chymical bonding; 

stoichioinetry; solutions; states of maticr; introduction to chemical ^quilibriunL 
3 credits, 

Chem 100 General Chcmir.try I (3 class iiours per week) 

A sludy of ti e fundamental principles and laws concerning the structure md 
hehavior of matter. 3 credits, 

Wnich one is intended for allied hnulth workers? Is it the top orie for non-majors? Some of the concepts 

)l^f^,,\ ;-:r!;f Mr-hfri^ ^nme of the ^^udcnts who hove poor srienc^^ and mnth backfTOunds. The one lifted 
at the bottom is the regular chemistry course for science majors. 
Lefn look nt a West Coast comnuUiity college offering. 

WEST COAST COMMUNrrY CJOLl EGE 

Chem 1 General Chemistry (5) 

Lecture 3 hours; laboratory and quiz 0 hours. Prerequisite is one year of 
high school chemistry or Chemistry 3. Deals with the principles and laws of 
chemistry as related to the struclurc of niatier. 

Chem 3 Introductory Chemistry (5) 
Introduces chemical concepts and the prop erties of matter, 

Chem ^ Basic Chemistry (3) 

Presents a descriptive survey of : le more important chemical Goncapts, 

Here are three courses. Note the first course M^ ' las a prgrequisite calling for either high school 
chemistry or Chemistry 3. If Chemistry 3 (Introduciory Chemistry) is equivalent to high school chem-^ 
istry, to what is Chemistry 4 (Basic Chemistry) equivalent? 

Which of the three is best for allied health student:: the science major course, the high school make- 
up coui^e, or the course for "non-readers''? Confusing? Yes, it is to the student as well as to the instiuc- 
tor who is asked to set up a chemistry course for allied health students. 

A second approach to determining chemistry needs is to consult with the profe^ionals in the allied 
health field. These are the individuals who have worked in one or more allied health fields, have advanced 
to the top level (ustially acquiring an advanced degree along the way) and have taught at a college or 
other educational facility. At our Allied Health I^ofessions Project this type of individual serves as an 
associate director with specialties in one or more of the allied health fields. It is interesting to point out 
that the kind of information I received when I questioned these experts depended on how the question 
was phrased. 

First Question - "What chembtry should a nurse (df ntal technidan, laboraton^ techni^n, etc.) tike? 

The immediate response in all cases was: '^Qualitative chemistry, quantitative Ghemistry, organic 
chemistry and perhaps biochemistry.*' 

Second Question - "What chtmistry should an entry-level person in your field take?" 

TTifre was always a brief delay, and the answeii were then ahnost all unwumous - **NONE." There 
Is nothing contradictoiy about these two answers althou^ they may seem to be in conflict. To both 



rcspondentj: tin term ' hemisUy ' meant the c-lnss.jal sci ::icc mmot ccufsc. In answering the ihA question, 
the experts had in minJ students who were goi on to i .,rn a r-year depree; in the second a.sc they 
were thinking of the beginning aide or assistant. 

Both kinds uf students will be enrolled in the "typicar' communily college allied nealth class since 
inusi students are undecided about their major at tiny level Hov/evur, if the Los Angeles Times article 
of March 9, 1971, headlined **College System Flunking Test of Relevancy, Educators Warn'' is correct 
when it quotes a government-appointed task force that states *'of the million students who enter college 
each year, only half w'*^ complete two years of study and only a third will complete four years/' then 
50% of your students will be terminaL The majority of the allied health studer*s will become entry- 
level workers in the health field. 

All Fve said here so far is tha.: a horde of allied health students will be stampeding the college; that 
the present science major course is fine for the baccalaureate students, but for most of the dllied health 
^audents no chemistry course is needed. 

Not only will these statements not be well received, Dui ii could oe uownngiu uangeruus xu my 
them to college chemistry teacherb who might be thinking thy- if there are no allied hi^alth chemistry 
courses, no chemistry teachers are needed! This would certainly not be the case when a third approach 
is cunsidered to deterniine chemistr^^ needs for allied health workers besides "doing vjMt others are doing" 
or "seeking advice from professional workers." 

A rephrased question needs to be asked. 

Rephrased Question - "What chemical concepts does an entry* level health worker needV 

The third approach is aimed at actually finding out what allied health workers do, then pulling out 
chemistry content from their tasks in an effort to derive basic concepts to formulate instructional units. 

During the first year of operation, our Project conducted a natiinal sun^ey on 20 of the more than 
100 allied health occupations. More than 4,000 individual tasks were included. Of these, I selected four 
tasks that were performed by a high percentage of workers in almost all of the alUed health tields. The 
tasks, chemical content and basic concepts are shown in Table 1 . 

Table 1 

Tasks and i oncepts for Allied Health Workers 



Tasks 


Chemical Content 


Basic Concepts 


I , Clean and/or sterilize areas^ 
supplies or equipment. 


— Chemistry of cleaning materials 

— Chemical reaction rates 

— Chemical sterilization 


Chemical asepsis 


2. Handle, distribute and dispose 
of materials containing cor- 
rosive chemicals or preserva- 
tives. 


— Chemistry of acids and bases 

— Laboratory safety and first aid 

— Chemical symbnls and formula 


Chemicals and chemical 

reactions 


3. Prepare materials, solutions^ 
media, etc. 


— Chemical symbols and formula 

— Properties of solutes and sol- 
vents 

— Concentration of solutions 

— Weight/volume measurements 




4. Give emergency care or 
attend to a patient. 


— Chemical balance of body 
systems 


Homeostasis 



40 
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(See Appendix 1 for an expanded listing of tasks and chemical concepts includid in selected allied 
health fields.) For each basic concept there is an expanded content listing shown in Table 2. This in- 
formation resulted from an analysis of tasks and chemical concepts for various allied health occupations 
as shown in Table 3. 



Table 2 

&mple of the Expanded Content Listing 

Chemical Asepsis - Elimination of infectious agents through 
the use of chemical application. 

1 . Classiflcation of chemicals used in asepsis 

A. Antiseptics - NameSj formulas, properties 

B. Disinfectants - Names, formulas, properties 

2. Cheniical reactions 

3. Reaction rates 

4. Chemical safety and flrst aid 

Chemicals and Chemical Reactions 

L Classes of chemicals: AcidSj bases, and salts ^ their 
properties exothermic reactions 

2. Solutions: Solutes, solvents, concentrations 

3. Weight and volume measurements 

4. Kinetics 

5. Reaction rates 



Homeostasis - "Static like" - A tendency toward stability in 
the normal body state. 

1 . Equilibrium and steady state processes in the body 

2. Acid/base balance: Hydrogen ionp carbonic acid, pH 

3. Electrolyte balance: Sodium, potassium chloride ions 

4. Glucose/iniulin balance: Acetone 

5. Chemistry of foods that affect homeostasis: Solubility 
equilibria 

6. CoIIigative property: Osmotic pressure and homeostasis 



Tiblt 3 
Tasl^ and Cheini^l Conctpts 
Include in Stltct^ iUUed H^th Fields 



Tasks 


Chemical ConHnt 


Carry out aseptic technique. 
Prepare and give between -meal 
nourishment. 

Observe, measure and record 

food and fluid intake. 
Use soaps and solutions in caring 

for patients. 


- chemical asepsis 

- chemiral tlements related to 

health and iUne^ 

- homeostasis 

- metric measurements of wtiiht 

and volume 
^ chemioil symbols and formulas 

- alkalis and their reactions 

- Qonctntrations and dilutions of 

solutioni — 



Tabte 3 (cont.) 



Tasks 



Handle and disposi of contamina- 

ttd materials. 
Obtain and deliver iupplies and 

equipment. 
Test urine samples for nonchemical 

content. 



Dtntai Aisistants 

Wash instruments. 

Prepare fUUnp, 
Handle ohemioali. 



Chemical Contmt 



chemical asepsis 
chemical safety 
acids/bases 

chemical nomenclature 
chemical reactions involving 
their rates 



chemistry of cleaning solutions 
asepsis 

properties of metals ( Ag, Hg) 
laboratoiy safety 
acids/bases 



Medical LaboiBtory A^istants 
Prepare solutions and media. 



Use preservatives. 



chemical symbols and forniulas 
solutes/solvents 
concentrations (molar and percent) 
weight/volume measurements 
acids/bases 
laboratory safety 



InhaLition Himpists 

Run blood ps and pH tests on 

patients. 
Observe for acidous/alkalous. 
Iiyect radioisotopes. 



homeostasis 
acids/bases 
acid/base reactions 
reaction mtes 
concentration of solutions 
metric weight/volume measure* 
ments 

identify diemic^ symbols and 
fonnulas 
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M^ic^i Assistants 

Use chemical disinfectants. 

Make dilutions. 



Handle spe cimens with preserva^ 
txves. 



asepsis 

reactiOTS of chemi^s 
conQenUmtlons of solutions 
wei^t/volimi€ metric meaisuie- 
meirts 

ahemiitoy of ^esiiyatives 
add/baaa ^aty 



Phamiacy Technicians 

Add drugs to prepare IV solutions. 



Identify drup, 

Obsirve dfugs for spoilage or 
decomposition. 




asepste 

mnoentiations of gluttons 
weight/volume measurements 
chemiad lymbob/fonniilai 
use periodie diait 
chemicii leactiom Jnra 
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Tasks 


Chemical Content 


Laundry and Linen Workers 

Use caustic chemicals. 
Clean and steriliEe materiali. 


- acid/base safety 

— asepsis 


Housekftperi 

Use chemical solutions for cleaning. 


— aaw^dla 

" chemical reactions 

— alkalis/acids 


Food Service Dieticians 

Prepare menu for various pre- 
scribed patient diets. 


— chemical elements reiaied to 

health and illness 

— homeostasis 


Sanitation Engineers 

Check for pollution of food, 
water and sewage. 


- asepsis 

— chemical pollutants 



In a similar manner additional basic concepts could probably be developed to provide enough content 
for a semester course called "Chemical Concepts in AlUed Health." but not "Allied Health Chemistry. 
The latter name will only compound the confusion caused by the many types of chemistry courses present 

in existence. . j u n- j 

It is suggested that each chemical principle be applied or related to tasks performed by allied health 
workers and should not be taught as an abstraction. For example, if percent coiicentration is the subject, 
use an example of a nurse who prior to giving an injection is required to prepare See of a 2% sahne solu- 
tion from a 5% stock solution. . . 

in summary, there appear to be three approaches that you or your department can use to handle the 
chemistry needs of the many allied health workere who are now or wUl shortly be m your schools. 

1 One. of course, is to leave things as they are in many schools where the alUed health students 
are required to take one of the regular or watered-down chemistry offerings. As the number 
of failures continues to increase, as it surely wiU, you can rationalize that these students should 
not be taking chemistry and ought to change to another non-science major. Many wUl dojuit 
that, while others will drop out of college - with the result that some good allied health person- 
nel will be lost. I,. J t, iti, 

2 A second approach is to pve lip-service to the need for meaningful courses for allied heaitn 
workers, but let the health faculty handle everything. There should then be no complaints 
when the instructor with little up-to-date chemistry knowledge teaches that an atom is a smaU 
electron ball moving in a circular orbit around a large nuclear baU, and Ws students come away 
thinking that this miniature solar system is held together with a wooden stick. 

3. Whether you teach the course or not, the third and only vital approach is for you to become an 
active participant by assurmg that each chemical concept included in the course wUl be^accurate. 
up-to-date, and relevant to student needs. Then whatever chemical knowledge the student ac- 
quires will be equivalent in essence, if not in depth, to the content in the regular chemistry 
course. This wUl lay a good foundation for any further work in science the student will unaer- 
take. 

I hope you will choose the last approach. 
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CHEMISTRY FOR NURSES: 
A REAPPRAISAL OF THE COURSE CONTENT 
Ltonird F. Druding Arthur Lurie 

Rutgeira Univeriity County CoUegi of Moms 

Newark, NJ, Dover, N,J* 

Invited paper prepirfd for Chemistry in the Two - Year Colleges, Mirch 1971 

During a two witk workshop in thi summer of 1970, a ^oup of chemical educators in New Jersey 
developed a series of guidallnes for the role of chemistry in the education of nurses* TTiis workshop, part 
of a series, was sponsored by a grant from the National Science Foundation to Rutgers University under 
the NSF College Sdence Improvement Propam (COSIP) for two-year colleges. Participating in the work- 
iriiop, entitled "Chemistry for Nurses," were educators from nine of the fourteen two-year county coN 
leges of New Jersey, four of the six New Jeney four-year colleges and univemties which offer a bacca- 
laureate in Nursing, and ei^t hospital schools of mtfsing, Speakeii included representatives from the 
Diploma Schools, Associate Degree Propams, and Baccalaureate Pro^ms^ as well as from the National 
League for Nursing, the American Nursing Association, the New Jersey State Board of Nursing, and the 
Connecticut State Department of Health* The following recommendations were developed in this workshop: 

1, That a one semester course, following the general outline to be described, be considered essentia 
for the Associate Degree and Diploma Programs. 

2, That high school chemistry or its equivalent be made a requirement for admisdon to the A^ociate 
Degree or Diploma ftograms* 

3, That niu^g departments of the community college be ad^sed of the primary importance of 
chemistry as a basis for other science courses towards a greater understand!!^ of the body in 
health and disease, and that this course takes precedence over physics or physical science if only 
a one semester course is scheduled to cover these areas* 

4, TTiat an advisory body be established to maintain a pennanent communication between the 
nursing and science departments of the community colleges and to act as liaison between the 
academic institutions and the New Jersey State Board of Nuking. TTie advisory body should 
consist of dedicated and motivated teachers of nursing representing equally the hospital and 
academic institutions. 

These recommendations were made to improve the quality of the Associate Degree Propams offered 
by the two-year colleges in view of the following: 

1 . limitations of time. 

2. the varied educational and motivational background of the students* 

3. the need for quality in the teaching process and student responsibilities, 

4. communication between teaching staff and nuking personnel. 

5. prerequisites for entering the nuking prop^m. 

6* a syllabus that would be realistic and cover those items of signiflcance in educating the student 
both from a humanistic and practical point of view* 

1* A One Semester Course is Considered &sential for the Amoctate Degree and Uplonm Programs, 

Chemistj^ is nece^ary in the nurting cuiriculum bemuse it provide the knowled^ e^nttal for safe 
and effective nursing that is not o^inarily obtained bi other science raufies wittin a nufsii^^^ m 
Prom a study of chemistry, nuning students wfll have a peater understanding of the suj^eet iiiatt^ 
taught in other science courses such as anatomy and physiology, mi^obiold^, it6* B^^ , 
techniques are developed. Hie interpretation and writing of reports, with reference to feste 
in particular, become more meaningful* 

TOe trend today is toward utUiiing community collies u a tmuiing pound ftMr tnideiits who wiilv a| 
to become registered nunies* Two-year diploma nuiiing schools are being phased out bemuse, even with ft 



Federal subsidies^ their operating cost is becoming too expensive for hospitals to operate. When a nursing 
propam must be completed within two academic years^ it becomes necesia^ to be highly selective in 
what is tiu^t throughout the cumculum. Not only must the State Nursing Board requirements be ful- 
filled, but also the requirements of the Board of Higher Education relative to obtaining a depee. Thus, 
in a curriculum crowded not only with courses, but also with clinical practice, a course in chemistry must 
be limited to a single semester. In the Baccalaureate Propams, where a future nurse is obtaining a 
broader educational backpound, there is room for more extensive and thorou^ training in not only chem- 
istry, but soma of the other basic sciences. Therefore^ this wortohop sha^ly focused on the chemical 
knowledge that a nurse must have; it discussed course content to meet these n^ds of the students. 

Chemistry is itself an abstract and complex science. Since chemistry students, for example^ cannot 
hold or see a single atom, ion or molecule, this concept must be accepted on faith. Because of this 
problem, sophisticated strategies must be implemented in order for the student to gain an understanding 
in chemistry. To teach a relevant course in chemistry within the time limit of one semester becames a 
challenge. To best meet this challenge, much effort should be expended in developing "learning packages** 
by using audio-visual-tutorial media. TTmt is not to surest that the traditional lectures, seminars^ and 
laboratories be abandoned, but that these learning packages supplement and reinforce the other methods of 
teaching. This instructional concept allows the student to learn at his own pace. 

The development of learning objectives for this chemist^ course would be an invduable aid to both 
the student and the instructor. By showing the student what he is responsible for on the first day of 
class, he will be better able to budget his time in accomplishing his objectives* TTie student can proceed at 
his own pace. This has the added advantage of allowing the better student to proceed at a faster rate 
(usually on independent study). 

The consensus that developed on the topics to be treated and considered essential in a chemistry 
course for nurses placed slightly more emphasis on inorganic and organic chemistry than on biological 
chemistry. While the nursing educators express a preference for greater emphams on biolo^cal chemistry, 
the chemical educators felt that, because of the limited time for teaching this course, it was necessary to 
spend more time on inorpnlc and organic chemistry for purposes of review and to ^ve the student a 
broader foundation before tackling biological chemistry. With the active cooperation of the other teachers 
in the nulling program, the applications of biolo^cal ^emistry can be diown in the other science cours^is. 
However, when examining the topics themselves in relation to a one-semester cowse specifically aimed at 
what a nurse needs to know, there are a number of traditional topics in orpnic and inorpiUc chemistiy 
that could be eliminated or very drasticaUy reduced in their discu^onp as for example the modem theories 
of chemical bonding or the exhaustive analysis of the reactioni of eadi of the orpnic functional groups. 
Indeed, this latter topic can be veiy effectively interwoven in the disci^on of biolopcal chemistry. 

Some concern was expressed about the transferability of such a wurse, Aould a student choose to 
subsequently enroll in a baccalaureate propam. Transferability is panted only by the institution to which 
a student applies and is usually Judged in the overall context of the student's performan^ ta all coufsesi 
as well as past experiences with graduates of that two-yw college. It do^ appev that thire are four- 
year colleges that would accept such a courae as proposed herein. Tim emphads b planning tUf course 
should be on the knowledge needs of the students and not on whether or not the eQur^ wiU be ttmM* 
ferable for the small percentage of students which elects to do so. Some d^cnptfvi as weU m relfvant 
material must be retained to prevent this course from becomhig a dull fecitatlon of ibstraot theories* 

The depth of presentation of material was a very Important matter of d^wmon, Mogt textbooks^ 
even those for students of the health sciences, seem to luve been comtiructed witti tte traditionilj, t^o^ 
semester course in mind. Of course, the four-year pro^mis» where greater depth 1$ exptot^ of the itu* 
dents, could afford to teach this subject matter in two semesters, 

2. High School Chemistry or its Equlvalmt be a Requirement for AdnUsston to ^Nw^ig frojpmL 

Prior to the recent development of extensive networks of two-yeir wmmunity edU^eSp reg^ 
nurses received their basic education in traditional, four-year Institutions or in hMptt^ schools of 
nurdng. In both cases, the background of the students was r^sonably homogeneo 
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school graduates whose prerequisites for admission included one or more sciences and mathematics 
through algebra. With the advent of the community colleges, the backpound of those entering nursing 
became more varied than before, Studants may come directly from high school or they may be under* 
eiiiployed LPN's, or they may be housewives who have not been to school for ten or njore years* Such 
a heterogeneous poup cannot be brou^t together and tau^t in the same manner with the same results 
expected, 'nie educational background of those entering from high school is also varied, as the underlying 
philosophy of the community colleges is to accept all those with high school diplomas or the equivalent. 

That a mir Jmum of entrance requirements exists for admission to a community college does not pre* 
elude the establishment of specific prerequisites for admi^ion to specific propams within the community 
college. It was therefore strongly urged that, in order for the science counts for nu^es to have any 
meaning, minimum prerequisites of a high school biology and a high school chemistry course be set, and 
that entering students should also have completed high school algebra. Without prior acquaintance with 
the sciences, the students will have much difficulty understanding the concepts and language of chemistry, 
espacially when taught in a one-semester course. 

If the student does not meet this entering criteria, he should be enrolled in a pre^nursing propam, 
possibly offered in the summer session preceding the usual fall enrollment, l^e chemistry in this pre^ 
nursing program should include an introduction to inorganic, organic^ and **life'* chemistry with emphasis 
on the language and conceptual develppments, 

TTie use of pre-test placement of all students should be encouraged. TTiere are many older students 
who technically meet the prerequisites but have been away from school for some length of time. A pre- 
test properly interpreted, can measure the student's ability to succeed in a spedflc subject area regardless 
of his "on paper" qualifications. 

While much has been said about properly preparing a numng student for this course, and many strong 
suggestions were made on the use of learning aids to assist the student in his comprehension of chemistry^ 
one should not equate this with the premise that all who enter the course must pass - and neither should 
the student be passed **just because she would make a good nurse." Poor perf'ormance in chemistry may 
not affect her ability to be a "good nurse" but it would have a ve^ grave effect on her ability to function 
as a safe nurse. Chemistry in this course is too fundamental in application to the other sciences for it to 
be passed over lightly. 

3, That Chemistry Take Precedence Over Physics or Physical Science in the Nursing Curriculum. 

Chemistry is a study of the interactions and alterations of matter andj as such, forms the basis for 
understanding the other natural sciences. At its most elementary level, life is nothing more than a series 
of carefully programmed and highly intricate chemical reactions. Hie undentanding of chemistry pro- 
vides the background for understanding the body in health and disease, "nierefore, it is essential that a 
nurse be taught chemistry in preference to the other sciences if there is a time factor. Further, the 
chemistry must be taught in the first year^ preferably in the first semester, so that it can be applied to 
other science courses and to the nurse's clinical practice. 

Questions have arisen on the inclusion of physics in the one^term cou^ in diemistry. This would 
result in a general education^ physical science cou^e which would have both advantages and disidvantages. 
There is usuaUy sufficient physics In the form of the ps laws and thermo-chemistry to ^tisfy the needs 
of the nursing student. Other topics such as leven, internal combustion er^nes, cent^ of pavity^ etCt 
can be treated in a simple^ descriptive manner. 

Within limits, there wUI be an overlapping of subject matter of certain areas in chemistry with the 
content of such courses as anatomy and physiology, microbiolo^, nutrition^ etc. Not only doi^s the 
see these concepts from a different viewpoint - but this wiU also provide reinforcement of the previous 
learning. It will also illustrate the practical application of the often^abstmct ideas of chemistiy, 

4. Crmtion of an Advisory Board, 
Chemistry is a dynamic subject, constantly undergoing change not only in rantent but in manner of 

presentation. An advisory board to act between the chemistry department and the nursing department 



at the academic level is necessary fur a number of reasons: first, to advise the nursing educators, as well 
as the other science teachers, of changes in course content particularly as our knowledge expands. Second, 
the advisory board helps the chemist in providing vital communication as to what the nurse needs to know 
in order to do a more effective and safer job. The board could also audit courses and recommend changes, 
aclditions, etc., in the application of chemistry to nursing. This Is particularly important as a new chemist 
is assigned to teach the course. The professional training of chemists normally concentrates on the broad 
principles from an almost theoretical and abstract point of view, while the course designed for community 
colleges is subject -oriented towards particular applications. Therefore, the faculty member assigned to 
the course must be made aware of the needs of his students and how his material will fit into subiequent 
courses in the nursing curriculum as well as into the nurse's professional activities. 

At higher levels the advisory board can function in much the same manner: to seive as a means of 
communicating to the nursing profession changes that are taking place in the content and method of 
teaching chemistry, as well as to learn how the chemistry already taught is being applied (or misapplied). 
This board could also unify the quality of the chemistry offering of the various colleges involved In the 
education of nurses by suggesting certain guidelines or syllabus that mi^t be followed. 

5. Future Plans. 

Of immediate interest is the development of a fairly general syllabus that a one-semester course in 
chemistry for nurses should include. It is natural that indiddual instructors would want considerable 
freedom in tailoring their course to their own interests, so the syllabus should allow the individual to 
choose his own text and pace the course acnording to the background of his students. Accompanying 
the syllabus should be a guide to audio -visual -tutorial materials that could be used to supplement the 
textual and lecture presentations. A number of these already exists but their sources are frequently so 
diverse that the individual teacher, especially one at a smaller school, does not have access to all of them. 

PROBLEM SOLVING IN BEGINNING CHEMISTRY COURSES 

Mildred Johnson 
City College of San Francisco, San Francisco, California 

Presented at the Be^nning Chemistry Course SiCtion, 20th Two-Year 
College Chemistry Conference, FuUenon, October 4, 1969. 



Let me give you some of the background about the "problem solvmg'' approach we use at the City 
College of San Francisco. We have 20,000 students with an extremely broad spectrum of ability. Some 
have a very low native intelligence. Some very intelligent students have very poor backgrounds. We also 
get some extraordinarily good students; for example, in one chemistry majors organic class, I had a lab 
section in which half the class have gone on to study for Ph.D.'s. 

To screen students for Chem 1 A, City College uses Parts 2 and 4 of the SCAT test, which supposedly 
measure quantitative thinking. If the student scores 5 or more (which is about the 60th percentile and upX 
he gets into Chem 1 A. We have had good results with this screening._ 

Other good students are placed in a course called Chemistry Gl 7 that is not chemistry at all, but a 
problem solving course. It might be called remedial but it 'is remedial only in the sense that it fills in 
what they should have gottc n earlier. It is not remedial in the sense of being for students who are low in 
native ability. We do not drill on arithmetic of any sort. If the student needs to learn to do decimals and 
things of that sort, he belongs in an arithmetic class. And if he hasn't had algebra, he belongs in an algebra 
class A student who has forgotten how to di/ide decimal numbers picks it up quickly whUe working with 
problems starting out with something called **comparlson and correction." For example, we ml^t ask, 
"What's the volume of X quantity of gas at Y and Z conditions?" He might answer, or start answering^ 
*M over 250 liters/' or something. We then guide him by questioning, *'What are you looking for? If 
you are looking for volume, operate on volume." He then starts getting the sense of whatever it is that 
is going to change this. In other words, use a base element in a correcting factor method. Students seem 
to enjoy this approach and they seem to profit from it. It is something that can be used In traditional 



chemistiy caiculations such is moles, gas law problems, colligative properties problems, etc* 

We try to strtss finding the nature of relationships so that they know how things change and the 
effect of changes never to think about multiplying or dividing, but rather what the effect Is. These 
students' chief problem is that they are weak in mathematics so they are jeluctant to discard methods 
they already have memorized how to use. We have made up problems that are completely unreal, absurd 
and unreasonable. An example is asking how long it will take a student to learn X words if the rate of 
learning words is invemely proportional to the time spent studying. He cannot do the problem unless he 
uses the method we are tiying to teach him. Sometimes we have a teacher who would like to use chem- 
istry problems or science problems. Tliis might be very good, but using a science problem or a chemistry 
problem means simultaneoudy coping with two problems: the problem solving and the subject matter of 
the chemistry. The teacher's eneiiy is concentrated if he uses non-science problems andj especially if they 
are unreal ones^ the busing of using memorized methods is avoided and embroilment in physical facts is 
prevented. 

We then undertake to do problem solving by analogy. A student who can cope with problems in feet 
and inches is stuck with centimeters and anptroms. We do a number of problems with Briti^ pllons and 
bushels and thin^ of tMs sort. We go from one unit to another to another using something he has not 
seen so that he must reason it out. ^en he can use his knowledge that 1 foot equds 1 2 inches as an 
analogy. For an unknown reason, students seem to think this is not a good method to use. We also stre^ 
looking for the sense of operation and whether an increase or a decrease should be expected. This is the 
kind of thing we have done and we Imve had success with it. 

We stress careful reading of problems. We start with simple, directly-worded problems and then go on 
to problems which are expressed in a complex fadUon, or are worded deliberately in poor fashion or are 
filled with excess, hrelevant information be^u^ this is the kind of thing they are gomg to have to sort out 
and find out what they would use in something like lA. 

We stress "dimensional analysis," We have had much trouble getting the student to always use units 
and to sense where the unit is. Students must measure the density of a piece of aluminum as an exercise 
in Chem G17, Some may end up with an answer with units ofg^mL Th^y go through many operations 
and end up with a grand mess. 

We stress getting the students to ask questions; to ask questions and tear problems apart and go on. 

After we have done the ''comparison, correction and analog" and ''sense of operations and unit 
analysiSp"* we work in thinp like powers of ten, loprithms and thinp of this sort to ^ve them working 
tools. 

After these thinp have been done, I particularly like taking a section on algebra, that is not algebraic 
mechanics. Instead, I pve them a problem to put into symbolic form. The problem is not solving the 
equation once they get it; the problem is putting it into symbol form. Students have trouble putting thinp 
into algebraic symbolism and that is the most basic kind of symbolism, I like to go through all sorts of 
algebra arrangements with no thought of really solving the problem when we get through. Once they get 
the equation, they ^n solve it. 

After this work, we go throu^ the standard thinp expected of students gomg into Chemistry 1 A 
after having had high school chemistry. We use the concept, a little theimochemist^i equilibrium and 
some other simile topics as time pennits. 

We have been testing the results of this approach. Four yei^s ago^ two instructors had this course all 
to themselves, myself and another instructor who had been teaching for a number of yem. We did very 
much the same thing and we found ^t our students that went into Qiem 1 A had ve^ little chance of 
getting an A or a B and very Uttle chance of getting a D, F or a ^op. Iliey were solidly 'C/ Even thou^ 
they were screened, 40% of our regular students dropped out or got a D or an F« . 

We made a study at the end of a spring semester. Wim there were a total of 5 Ins^ctors teachisig 
the course, 3 of whom were brand new to the school and two of whom had never tau^t before t we found 
that our results worsened. We found that we still did not get A'S and B's, tlie percantaga of D's and F'i 
was the same as for the regular students in Chem 1 A, 'Diere was still a lower percentile of Drops, and a 
much hi^er percentage of C's than the regular Chem 1 A. 
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CHEMICAL TECHNOLOGY COURSES CONTENT AND CURRICULA 



CHEMISTRY FOR TECHNICIANS AT LOS ANGELES VALLEY COLLEGE 

Jweph Nordmann 

Los Angeles Valley College, Van Nuys, California 

Prtsented to the Chemical Technology Programs Section, 20th TwCNYear College 
Chemistry Conferencij FuUfrtoni October 4, 1969. 

In my limited experience of teaching chemistrv for tachnicianSj 1 think we have learned what some of the 
problems are in recruiting ieghnology students. TTie students that we get in our coum are really in electronics 
and mechanical drafting technology. We give them a one-semester service course in chemistry called the 
Chemistry of Materials. We try to bring in such things as electroplating and chemistry of metals. Electronic 
technology p-aduates have no trouble getting Jobs-in fact we often have several companies bidding for 
one graduate. Despite the fact that we have industriei that will take anybody that we can graduate from 
the two-year program, we have great difficulty in recruiting students for technology, 

1 hate to tell you how we get technology students, Wh^^n you have a large liberal arts propam and 
almost 20,000 students registered at your college, you have a huge catalog of courses and a regular smorgas- 
bord selection results. With the exception of surf casting and skin diving* the course offerings are nearly 
unlimited. With this sort of situation, nobody is interested in technology. You wn promise them jobs; you 
can tell them that they will never make up the time spent in school if they go on to a "veiy average" 
Bachelor's Degree; and you can point out the money lost in two years of studying. They will still go into 
the liberal arts courses. 

Every student takes an entrance exam of a general intelligence type and the scores are recorded on 
IBM cards along with his preference of program. If someone does poorly on this entrance exam and yet 
he says that he wants to do anything whatsoever in engineering or physical science, his card is sorted out 
and a counselor talks to him. Typical advice is of the sort, "Now, look, You want to get into physical 
science, engineeringj or something related and the entrance exam says that you can't make it. We're going 
to recommend that you get into technology,'' And you hear everything but arms and lep snapping in 
those counseling offices as counselors try to convince these people that they should be technologlits because 
they can't possibly make it in engineering. They say, "Take the technology course and if you can work 
your way out by virtue of getting high grades, maybe taking one other outside academic course like 
English 1 , and showing that you are one of these late bloomers or that you've been under a rock waitii« to 
be discovered, then we will put you into the regular engineering couree or physics major or whatever you 
thought you wanted to study," This is the kind of person that we are getting in technology, Well^ 
the person comes in with a somewhat bad attitude and now you have to reorient him and rfiow him that 
technology is a good deal, TTiay do quite a good job in electronics technology and we have tried to support 
that program. But as soon as we try to get theoretical in chemistry-and you Just can't teach chemistry on 
an empirical basis -a glaze settles over the eyes of the cla^. You all know what it is. You simply are not 
getting that material through. You lose them immediately. Therefore, you have to have some real experi* 
enc^ to relate to the course. You've got to show the students that this material's meaningful every step ©f 
the way, that it is related to what they are going to do. This is particularly true in the laboratory, 

I have been around the country and talked to people teaching technolo^r counes and to technicians 
in industry, and nobody has the answer on how to recruit technology students. After having thou^t about 
this for several years, I am convinced that there are t\'r> ways to recruit technolo^ students. One way is 
to have a school system in which technology is the only thmg that is offered; there are some places Uke 
that in the country. However, California has a junior college practically within walking distance of evaryoni 
who wants to go to school and these colleges Iiave peat liberal arts propams. That eompletely defeats 
technology. With this situation students are not going to enter technology. In the East where education is 
not nearly as cheap, some places may have two or three schools in a fairly la^e city. One of them is a 
Catholic university, another is a state university with high standards and the other is a techni^l jiBUor 
college. There you can fill up technical propams. 
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The other way that technologists can be recruited (and 1 think this should be the policy all over the 
United States) is for the industries in a given area to get together and say, **We want some tachnologisti/' 
and then do something about it. There are then several large industries who together can employ some 
ten or more technologists. They can survey their plants and see who's working on the loading dock with 
a doUy and shoving boxes into a box cart; they're apt to find a guy who looks brighter than his plain 
manual job, who shows some ambition and yet is forced to work because of a wife and Qhildren, Industries; 
can offer to pay these ambitious people to go to school for a few hours a day; or they can pay them to 
take an evening course. Industry can coordinate Its pro-am with local junior colleges, give the school some 
used equipment or even send over an instructor at ni^t and help set up a college chem tech prograni* Th^m 
students are people who are working and are feeling the economic press; these are the best people that you • ; 
can get. I've had personnel in industry tell me this: the best technician that you possibly get is a man ; 
with an LQ. of 1 10 who is trying to buy a home, some furniture, an automobile and he*s manied and has ; 
a child. Here*s a person who is bright enou^ to do the job, he*s got economic pre^ure on him and he's ■ 
got to work. He can't goof around in school changing majors. He can't waste time. Industries are lookii^ 
for this type of person; they already have this type of person working in the plant. The person is motiva* 
ted and he has already shown that he wants to work. If industry would send us these people, we would 
have a terrific technology class, not because they would be the brightest students, but because they are 
motivated. People who simply want to be rewarded for doing the job are the greatest technology students. ^ 
Industries which send employees to school can say, "We've helped the college plan these courses and we'll 
give you a raise in pay if you complete the program. In hct, we will give you a raise while you are studying ^ 
and showing progress. TTiis will give you the opportunity to work in the laboratory and move up in the 
company." You have outlined a career in technology for this man, 

In the experience of Valley College and various other schools I have talked to, you cannot drag people 
off the asphalt and say, **Now look. We would like to see you be a technologist. Here is the propam that i 
we have outlined." That's doing the thing backwards. It's a Jong sales Job and many of the people will not 
stay with the program. Industry must provide the students. 

Once you have the students, the problem is keeping them. I would like to mention something we ^ 
didn't do in our planning for the Chemical Technician's Curriculum Project last summer (1969). We said 
that our first objective was to teach lab techniques and that the proff^am would fee heavily lab-oriented. 
But what we put down on paper was an outline for a series of textbooks. We have to Integrate those text- 
books so that they are textbook lab manuals. We really didn't say what "laboratory" consisted of. I am 
a strong believer in samples and experiments in the laboratory which have relevancy to what technicians - 
are doing. In my experience you ha\3 to sell students every day on the need to be a technician and the { 
use of technicians in industry. That means applying all the lecture material and at least once during the 
hour saying, "Here's where this applies.*' Most teachers have limited knowledge of the chemical industry 
so the problem comas up of trying to put real experiments in the laboratory. How do you do this? I 
don't think that you can put in the regular academic experiments* TTie student simply does not see any ;| 
relevancy in those. He may not know anything about chemistry , but he ftels instinctively that that just | 
isn't real, that it doesn't apply to what he is going to do, if a teacher c^n draw ftom experience, that's vv| 
fine; but if he can't, he needs to do something else to come up with these expMments, 

I think that the person teaching technology needs to know the industries around hfan and know some 
of the chemists and technicians as well. He may have fonner students worUng in such positions. But ^| 
if he's a new teacher, he has to work up these contacts. He has to find out what technicians are doing; ^ 
he has to talk to laboratory technicians and learn some of their laborato^ meth^s. Most industries are 
very receptive. Let them know you want to help them and that you need their help. Get copies of thiir 
laboratory experiments. There aren't many laboratory technique that are trade secrets, Tve found gipat 
cooperation and acquired a file full of material In this manner. One laboratory ^nt me a book of tiiejr 
laboratory methods that normally costs $75, Build up personal friendrtiips, and industry will bend over 
backwards to help you. TTiey love to have teachers view their labmtories, s 'f^i^ 

Sometimes you will be amazed at just what these laboratories are doing. Some people think gas 



chromatography is owt the heads of these technicians, but gas chromatography is one of the teehniques 
that a techniQian simply has to have. Shell Chemical has a laboratory with 26 ps chromatographs; they 
have three shifts of technicians and those gas chfomatographs are running 24 hours a day. You simply 
have to teach the principles of gas chromatogiaphy; you simply have to have a gas chromatogriph in the 
laboratory so that students get some experience using it. Find out the techniques of local industries and 
adapt them to your laboratory. Some techniques are beyond what your technicians might be doing or the 
samples used might be specific to a certain industry, but you can And in their experiments the principles 
that are important. 

There are a variety of samples that can be used in the laboratory which are very interesting and rete- 
vant to these students/ I've used some of the same samples and some of the same techniques in quantitative, 
analysis as those used in industry. This semester I am teaching a course in quantitative analysis. One of tht, 
things that you usually do if you are teaching quantitative analysis is a precipitation titration, often titrating 
fluoride with silver. I have people who think they are going to be oceanographers; so I have them bring in 
sea water to analyze for chloride. It takes no time at alL Take several 5 milliliter samples of sea water, - 
dilute them and titrate them with silver. For students with a biological orientation, I have them titrate the - 
chloride in their own urine. The sample's already in solution so that they can just take a 10 miUiliter or 5 
milliliter sample. 

As I view it, there are two basic problems if you are just starting a chemical technoloKr course. The 
first is recruiting technology students. Industry must be made to send employees for training and offer 
other assistance. The second is that the laboratory must be made relevant. Using industrial samples and 
techniques whenever you can is a step in this direction, 

ADVANCED EDUCATION IN CHEMICAL TECHNOLOGY 
0, William Lswle^ 
University of Dayton, Dayton, Ohio 

Presented at the Chemical TiohnQlo^ Section at the 22nd Two-Year 
College Chemiitry Confefenee, Columbus, June B, 1970. 

Post'Associate Degree education is becoming more widely avaUible. ^e University of Dayton bepn 
offering a Bachelor of Technology Degree in 1965 which is open to piduates of the iysociate Degree 
propams. In Dayton's case, the additional time may be used to broaden an individuals technical back- 
ground as well as provide additional education in chemistry and/or chemical engineering. 

The requirements for the B.T. Deffee (after the Assodate Deffee has been eamed) are much more 
flexible than for the Associate Degree propam. Th% following tables demonstrate the flexibility by des* 
cribing the requirements for both the /ysociate Depee and the Bachelor of Tedmolo^ Degree at the 
Univei^ity of Dayton, 

Amciate D^m in Chtmic^ Technolo^ 
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First Year 



First Quarter 
General Chemiitry 
Technical Institute Mathematics 
English' Language and Thought 



Cn 122 
STI 105 
Eng 101 



Hours 

3 
3 
3 



Hours 

3 
0 
0 



Cndtt 










Class 


Lab 


Oedit 


First Quarter fcontJ 






Hours 


Hours 


Hours 


PmlOiophy: Basic Problems in 


Phi 


106 


3 


0 


3 


Introduction to Enginaeriiig Technology 


STI 


150 


1 


0 


1 


TTif ology Of Elective 


Thl 


112 


3 


0 


0 








16 


3 


17 


Second Qmrt^f 












Innf^anic Chernistrv 




125 


3 


3 


4 


Technical Institute Mathematics 


STI 


106 


3 


0 


3 


Technical Eh'awing 


MTI 


103L 


0 


6 


2 


Physics: Mechanics 


STI 


114 


2 


2 


2-V4 


Effective Speaking 


STI 


134 


2 


0 


2 


Industrial Organizition and Production 


ITI 


101 


3 


0 


3 








13 


11 


16-% 




Second Year 








First Term 












Ouantitstivc Analvsis 


CTI 


202 


3 


6 


5 


Orpnic Chemistry 


CTI 


208 


3 


3 


4 


Elements of Supervisior 


ITI 


203 


2 


0 


2 


Physics: Heat, Light & Sound 


STI 


214 


2 


2 




TTiaology or Elective 


Thl 




3 


0 


3 








13 


1 1 


16-% 


Second Term 












Organic Chemistry 


CTI 


209 


3 


3 


4 


Instrumentation 


CTI 


206 


3 


0 


3 


Physical Chemistry 


CTI 


203 


3 


3 


4 


Physics : Electricity 


STI 


213 


2 


2 


2-V4 


American Political Ideas 


STI 


252 


3 


0 


3 








14 


8 


16-% 




TTiird Year 








Flf^t Term 












Chi*mlcal Fneineerine Technologv Calculations 


CTI 


309 


3 


0 


3 


Chemical Rnsin€6rinE Technoloev^ 


CTI 


308 


2 


3 


3 


Mat6rials Science 


CTI 


305 


3 


0 


3 


KiUosophy: Basic Problems in 


Phi 


206 


3 


0 


3 


Report Writing 


STI 


234 


2 


0 


2 


Economics of Industry 


STI 


251 


3 


0 


3 








16 


3 


17 



Second Term 

Can continue to Bachelor of Technology 
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Baehelor of Tcchnoiogy D^tm 
4 Years, 128 Credit Hours, University of Dayton 



ALademk Requiremenis 

fterequisite: Associate Degree (Based upon the 2-54 year program at 
University of Dayton) 

6 Credit hours English 

3 Credit hours Mathematics 

1 Credit hour Seminar 

3 Credit hours Psychology 

3 Credit hours General Electives 

9 Credit hours Humanistlcs-Social Electives 

(e.g,, EngiiA, Economics^ Philosophy , 
History, etc*) 
21 Credit hours Technical Electives 

(selected from such areas as electronic 
industrial and mechanical enpneerini 
technologies, chemist^ computer science, 
biology, geology, mathematics^ etc) 

46 Credit hours - total 



Credit Hours and Subject Area Comparison of 
B. T. Degree with S. in Science or Enpneering 

Subject Area 

Bachelor of Science Degree Bachelor of Technology 

Chemistry Chemical Engineering (Typical for Chemical) 



Chemistry 51 23 31 

Chemical Engineering ~* 33 12 

Math and Physics 27 27 17 

Add. Tech. — 19 23 

Non^Tech. 48 29 45 

Total Hours 126 131 128 



Indtiitrial Ritction to Advuiatd Tralniag m aeiiii^d TkAaoI^ 



Gerald Lea Chemi^l Technolo^t 

Education: 2 year associate depee from Univmity of Akron, 
Fifteen years of laboratory experience. 

Would like to take four-year propam in technology using present credits in chemical 
technolo^ as part of his deme, 

§3 
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Suggested that chemical technology programs be advertised to people already 
in the field. 

Criticized the two -year chemical technology program as inadequate because 

too much emphasis is put on theory and not enough on practical applications. 
Suggested that industriai chemists should help write textbooks, 

Richard Henricksen Chemical Technologist 

Graduate of Cleveland Technical School (2 -year course) 

Criticized the advertising on the chemical technology program and felt 

that It should be wider than just high school students. 
Was undertrained in practices overtrained in theory and criticized the 
textbooks used, 

Criticized colleges for not accepting technology courses for credit in four- 
year degrees. Will be learning chemical technology field for business 
administration. 

William Bissinger Chemist 

Believes that the two = year chemical technologist should be a specialist to make the 
most of the program. 

Does not see underprivileged people taking advantage of chemical technology program. 
Urged better attitudes from chemical technology people new in the fieid. 
Suggested schools use industrial chemists to lecture to chemical technology students. 
Suggested that we would work for improved status for chemical technologists in the 
scientific community. 

Robert Imhoff Personnel Officer 

There is still a great need for graduates from chemical technology programs. Many of 

their jobs are filled from people hired off the street. 
Tuition refunds are offered chemical technologists who desire to continue ^du^tion. 
They like the two-year chemical technology program and then continued education 

after working a period of time. 

General Conclusions: 

1. Chemical Technology students would like longer (4-year) programs which would go more into 
practical aspects of chemical technology. 

2. Industry is generally satisfied with the two-year program^ mainly because there seems to be a 
shortage of trained technicians. 

3. Tlie role of the chemical technology graduate in the industrial and scientiflc scene is nebulous. 
He is often in competition for jobs with B, S. graduates. It is difficult to reward him when he is 
valuable as an engineer, 

4. Everyone seems to agree that specialization is good for the chemical technology paduate, but it 
is difficult to know what to specialize in in a two-year program^ and generally the specialties are 
not defined. 
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THE USE OF A SMALL OESK-TOP COMPUTE!. 

m ^I^E 0SGINNir4G CKEMISTRY L4SGRATC-^:Y 
William Mooney, Jr* 
El riiniino C^ollcge, Torrance. Cilifbrnia 
Presented at the Syuiposium on Innovations at the 2Cth 
Two-Year Collage Conferenna, Fullerton, October 3, 1969. 
This is a report on experionces in developing a program tor the utilizr*tion of n f^mali ciesk4op coinputer 
in the laboratory portion of the beginning cht niistry courses at EI Camino College. 

The question has been posed, ''Why should one use a desk-top coinputer in a bwglnuiiig cliemistry 
laboratory prograni?'' I answer such questioners by pointing out that the inclusion of such a techniaue can 
bring about four signiricant improvenients: 

1. The improvement of student performance on quantitative eKperirnents. 

2. The improvement of the instructor's evaluation of ;U;Kknt laboratory work. 

3. The improvement of laboratory procedures and unknowns. 

4. The improvement of student lo:^' ^ in the solution of problenis. 

To better understand the clieinistry laboratory as an instructional process and to better eKpIaiii the 
wnv ir r'l ^ }) rnninufer Ii3 been i!ti-ir!^d. a four-stjif^^^ ^nnut^outpnt model hns b^en developed. Ml 
input-output models have four rnajor chaiacteristics. (1) Input which includes all that which Hows into the 
mnin processin*^ unit: (2) the nrocessor, which converts the input into output; (3) outpiit, which incltides all 
that which flo out of the processor; and (4) feedback, or the output which is used directly or in a sf ' 
altered version as input for the next cycle through tlie processing unit. 

Students ProDedures fwiateriali 



! EKPEBlMiNTAL PROCEDURES 

.rrrrrrrrr!| 

Data 



CALCULATIONS 
Calculated Results 



ANALYSIS AND INT L^PRiTATlON 



Report 

1 



IN 



STRUCTOR EVALUATION 1 
Gfsde 



Stsge 1 



Stage 2 



Stage 3 



Sfap 4 



Figure 1 : Input-Output Model of a Chemistry Laboratory Ea^periment 

Input-Output Model of a Chemistry Laboratory Experiment 



The stage 1 input includes students, procedures and materials. The procesior involves the student 
perforniing the experinient using the input materials according to the procedures suggeitid to him. Tlie 
output is the stiident-recorded data, \vhich miglit be either quantitative nneasureinents or simple observa- 
tions. 

Since the four stages of the overall model are arranged in series, the output of the firit stage, the 
data, is in reality one of the inputs of the second stage. 

The feedback takes off from the output flow line and loops back into the experiinental procedures 
block as an input flow line. This represents the evaluation which the student and instructor, conferring 
about his results, make on his first trial of a given experiment before he starts his second trial. Hopefully 
this provides new information which will influence the work of the student on subsequent trials; therefore, 
it represents input for his later runs through the experiment, 
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fnifie -;CLi.iu§ sl.jgc thL' u^^ln inp-.it Vo;ii ihy (hsi r^tai^^e flows inln Hk proccsor cntitlud 'talcuiaUons." 
Tlninnvo ivi ^, iu: ti c cmIc^Iii' luns liic ^:>tUiiin!t makes in workirii^ itp the tinni (\ jv^ his i;:'(periinentr h^ork, 
":tli': Of Up -U is/ 1^ :;!' 'tii: ai t\'-' \h-U: \pi-'x\'' v:]v pn(^ ^'li*- f^crvj- sef] lenf ?a irfcMhr ( nini st -u^'^ as in- 

put lb r till? jiUil ysir^ a jd :nturpreialiun- it niay nlsc) serve as rccclhack Ibr cirher the oxpcriinentnl procedure 
pro 1 a ^: ale ula doi » p ^oc -^s:: ni- l;it:/r t lia 

The tluni ^^>tii^t', '^analy sis an J i ter;)i'etatHiiK'' uses us input the cul julafed resiihs from ihc H^icaiid stuge, 
ThustMiicnt aiiLly^es anc iptur:)retH i aes^n^;suUs in inc third pi oceKK i:ind genenil es a student reporl on the 
eHperinient ris output. 

Tile student r<=:^ports beconie the inpiil into the fourth stage in which the instructor evaluates the reports 
unj assigns yrad ilie ou Ii^^t, -or this j^tudDnt's iahoratory work. An additional output of the instructor's 
evaluation of th e judi^iduiil ryportH in \\\$ annlvsis of all the reports he receives wherein he may generate 
signincnnt n^w informati Jn about the experiment and student performance. This can be fed IntD the experi- 
itierital proceclure process the mx t time he has a group of students doing the same experiment. This cDuld 
be :liat at teriioon, thenicxi daycrtlie next term, Tliis new input may improve the cxperimentai work of 
the later gro up. 

Inuur ^iCginning chcjuiJstrj' iaDoraiGty cla^^scs, the coniputer has been utilized as a method of getting 
quiukly irom the coinpletiori of tiif' process in tlie first stage, experimental procedures, to the output of 
t he sernfiH ^ ^ih'-^. r qk^ mIp^ e?' re^iip '^oot- prnn-^h sn fhpf we hnve ^ifrntfirnnl fecK^bPcV fo" the student dnrrif 
his lubora to. y p ^rie)d to intluence Ids work on later trials. 

It is 11^ t in V iiUciitic^ii cit^scribe, in detail, the computer, how it is programnied, how it operates, its 
prujraru language, or any uHier details oi it as a coniptater. Anyone sufficiently interested in the application 
of the eonip titer in an instruction al ^^i hia^iDii may f ind the answers to questions in such areas in infornrntion 
siipplied by the niaiiu fact;urf-r. It does not take niuch time to \jo through these materials and learn how to 
use ^uch a uainnut^r in Ijiu siiiipjui nious^s ol opujaiiuiu 

Tiiere arc ^cvi^Iai chara--lerisLius uf liie Olive ili Fragrumnia Ft 01 which we use which make \i use Jul 
\qt oiir application in the beginning clierriisLry laboratory prograni. Those found to be most useful include 
the fo!ln\^^in^j: 

1 . The obilf ty to sto Je a I 20 step program on a magnetic card which is merely inserted into the 
machine to put a program frorii your program library into storage for imniedlate use, 

2. The paper tape print out of all input data and of any output v/hich you have programnied for 
printout. 

3= The coni pactn jss, portability and ability to operate in any reasoriable environrnent. 

4. Ti"^^ ainiplicity of prograni niing, 

5. The directness of data input v/hich is entered directly on the keyboard and does not require the 
preparation of cards or tapes, 

6. The directly pTOgrarnmable niatheniatical operations of additionj subtraction, multiphcationj 
division - (lid square root, 

I xz\ubl also liiention soixie of the limitations and unfavorable characteristics which have been found 
with the prograrnma* This list iiicludes those itenis which prevent us from doing soniething we would like 
to do or that liavo "*bugged" us about Programma. 

1. There h no alphabetic capability, only numeric, thus requiring the use of niany nuineric codes 
for identification, etc. 

2. The processor unit truncates iiumbers in perforitiing various matheniatical operations which 
requires one to carry through several additional decimal places lii calculations. This also causes 
-*niall deviations from student calculated data, generally in the last significant figure, or the 
CHtimated di^iit, which would not be go if the computer were capable of ^'rounding off' nuiiibers 
rather than truncating them, 

3. The machine is noisy when it operates. The noise is of a continual background type rather 
thaii of such character as to interfere with discussion with the student. There is available a 
silencer for the machine but we have not felt the cost of the silencer was low enough to justify 
it for our operation. Recent models have corrected this. 
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4, Thc^ iiuibiHty vo i mi ^rronoon^^ Uipin :a o^kx* it hi.:; ^ t~nv\%^(irn- } iVoh t he keyboard 
input ink; the i ntry regret jr. 

0. llic finie reqi:irjjd to cuaiplefe problems with nK-ny ittMu^ of in^r t diMiu or ni:ii:y sinnplcs, and 
which icfjuirc irany calculat^O-iH and (iata niovemcnt yters. 

Proi*nnns for the Programnia coinputcr have been (levclopctl and used for each of the laboratory experi- 
nicnrs in our btjgini^iiig chCFiiistry counu timt requiru calculatioiu. These p roi^tvjn is n?Q lie student's cxpcfri- 
mcMita! datu as innut 'ind perforn^ ail of the ncccsH^iry ca:cu!ations reqiured of s:.iidciiL including perccu" 
tihy: '^rro^. Printout daui is pr^o^^rair med so ?hat it coineuies in ore " with that requested in the student's 
data tabic. 

Specific cxpcrnncnts for which programs have been devetopeJ are the following: 
L Titration of nn uiikno%¥n base (acid) with a standard acid (bnse \ 

2. Density of a solid. 

3. Percentage of w:it jr in an iinlcnown hydrate, 

Perccnt^.ge of oxygen in potassium ciilorate, recover)^ of the nianganene dio^UL'e catniyst. and 
the molal vohmic oroxygeri. 

5. Weight o! 1 eqiiivaleiU of inagnesiuiu. 

7. Heat of neuirahzation. 

Thest" pros^rnms -ir^ used \r pcrfonn 'lie stiuh'n ' -iM-tda^inns hrmedritc^ly afrer ^la?; conipleled taking 
dat'i, and before he has prcctTiidcd to a^uliticn-U lrhih< cr to ivmkiiiy cniculatioiis. This procedure gives the 
student imrnediate feedback ahoiu im rcsuUs high, low, or acceptabie) so ih::^t he may iniprove his 
technique for the later trials. 

The prosroms fi;?ve ;Hsn iieen used to check cnlcuiarions. on ai ieasi one Iriul of ihe expui iincnt. before 
the student leaves the laboratory. 1 lijs is done to give the student immediate teedbaQk iibout ais calcula- 
tions so that he will know if he is on the right track and where his errors are and vidiat kind of errors they 
are. 

The third use is to check all student calculations when grading the experiments. This is done because 
beginning chemistry students are prone to make many mathematical errors. This allows an evaluation of 
the laboratory work and their calculations. Note that this allows the instructor to evaluate the laboratory 
work separately from the calculations if he so desire^?. 

The final use has been to summarize student perforMiance on the experiments and unknowns in terms 
of average class or unknown values and deviations froin the acccptcJ values. This allows us to evahiate 
the adequacy of the experimental procedures and the modifications we make from time to time. It is also 
done to determine -^norms'' for evaluating student performance on a given experiment or unknown. 

In addition to these laboratory programs additional programs have been developed for the niathematical 
solution of certain general or specific types of chemical problems, assuming a certain logic to be followed 
for such solutions, Ajnong prograins of this type the following have been developed: 

L Cheniical calculations problems utilizhig the unit conversion or factor- label method. This 
includes calculations from chemical equations, measurement conversions, mass or volume 
determination of a sample, aniount of solute in a sample, etc. 

2. Dilution problems. 

3. Determination of the formula from experimental data. 

Additional programs have been developed for making the various types of computations and calculations 
associated with grading and evaluation of laboratory reports, quizzes, tests and overall student work. These 
include the follov^ing: 

1. The percentage of total possible points. 

2. The percentage of total possible points when absences are involved, 

^, ^he deviation of perforniance on one test from course performance and the evaluatiDn of a 
suggested scaliiig factor, 
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4 The sum of the scores and the mean score for a grnup on -a test, 

5. The i.u-.in, Mf;wu!nnl deviation and starulard error of the niear] for a cUfitvibULinn of rrsnlts, 

6. Detcr:n:natian c!' rr-i -n^'ii -r^'^- 

Insiiuimary, I have round Mr it the use of one sniaH k-^k-toi: cornpiitor has resume vl -n a signiricunt 
5mprovument in the luboratcr^' iructional propam in the bcgiiiriri^ dUHriistry coiim^. It has been adcqiuitc 
fbrall of the inajor uses which I have attempted or can envision lor this caiirse at the present time. There 
are at least three other compiUers of this type commercially avaihible and 1 would rcconimeiid that before 
deciding on any particular model that a faculty make a careful analysis of the requireiiients of their appli- 
cstionsand i-ttuinpi to nuiteh the chiiracteriHtics of thu computers to these requirements. 

fNtRODUCTORY CHEMISTRY AT ST PETERSBURG' 
JUNEOl COLLEGE: AN INDEPENDEMT STUDY COMi JE 

Arthur Gay 

St. Petersburg Junior College, St. Petersburg, Fioncia 

Invited paper prepared for Chemi';try in ihe l^wo^Yci^r Concf:e, 

Pn- n H--- ^ -^^ti'vr^ ^r-^^v:■K■^^-- 
L The three purposes of this course 

A. This coun^e pr-'par^s student*^ for enrollmont in CY '-S'S Cheniieal Calculn^io-is. 

B. This course serves to meet cheniistry requirementi; for those enrolled in health -related programs. 

C. This course serves to nicer, in part, the general ediicatioK r^quirenients in science, 
il. What is expected of the student 

The stMder^t h to demo^istrRtB his readiness for CY 155 bv inBkin^ acceptable performaJice scores 
on qualifying tests covering selected terms, ciiemical pr jcedursis. ciiemicai principles, and siuipiiiied 
thi'ories of the structure of matter. 

General Iiistructions 

This course allows each student to proceed through the program of activities at his own rate; well- 
prepared and highly interested students may even complete an advanced propam dunng this session; 
others may find it necessary to complete some of the basic viOik after the end of the session. The final 
grade v^ill depend not upon the time spent but upon the student's meeting designated performance levels. 

The assigned activities of this course inciude the use of texts, clasbrooni lecture-denionstrations, 
j.c:ninars, taped lectures (both audio and video), films, laboratory experiments, student-teacher conferences 
and a sequence of tests which the student must complete by demonstrating a specified level of proficiency 
on each test. 

Required Tests and Materials 

Arthur W, G^y, Study Cuide for CY 150-151 Introductory Chemistry (St. Petersburg Junior College, 

St. Petersburg, Fla,, 1971 ). 
Virginia Powell, Programrmd Unit i?i Chernistry (5 volumes), Chemical Symbols, Chemical Formulm 

and Names, MoleciMar Weight Calculations, Weight and Volume Calculatiorn, Balancing Chemical 

Equations (Prentice^Hall, Inc., Englewood Cliffs, N. J., 1965). 
For Dental Hygiene students only: 

Jack E. Fernandez, Modern Chemical Science (The MacMillan Company, New York, 1971). 
For all other students: 

Russell H. Johnson and Ernest Grunwald, Atorfis. Molecuks and Chemical Change (Prentice -Hall, 
Inc!, Englewood Cliffs, J., 1971). 

* Most of these items may be purchased at the Bookstore, 

50 



EKLC 



rnr:; :u:na! T-<:s ,:-j:!un! \fr(;:n Irdri. . Icn: Sn-ly nii:crk!!s Ccnrvr' 

K, J. !-kxer and A. S. rl-xer {ihirp-r and Row, Fublisiicrs, New York, 1967h 
Renre Pord, Q/acv. Fn/. / G-a /,6Mr-: Rinohart inid Winstan, hic, Nc-' Yoit, ?96:^). 

Eleru- ford. Gases. V(>!. J A:///<^7f ^ h h\v!ur Theory (Holt. Rineliurt aiul Wuistoiu Inc., hJew York, 
i ^)n3 ). 

Ci, L Sacklieim, Chcniical Calcufcuiom I'-hinies A and B (Stipes Publisliing Co., Chanipaij/n, liK, 
1 9h2 

Jay A, Vexing. Anilinu'tic for S-:uiirv S:hJcnLS (Prentice-HaK , Inc.. knir. ,vooJ CHiTs, N. J.. 1^/68). 
Jay /\. Young. Chefnlcul Ofni-cfHs ( ?roiitice = IlalK Inc., Engluwooci Cliffc, N. J., 1963). 

Lecture- Denionstrarions 

L-ctufe-dcnionsUatio]!;. arc 'b cci H) piTscnt sclucfed aHpe^:nH of d\c\:mlry wluch lend themselves to 
this type of icarninii sit'iation. Tho infonnal presentations wii! at times allow student participation, Lcc- 
tLircniCinonstrutiuii:; .vill be gi^xn diri'-g the large croup meetings held once each week in the teaching 
auditunuin 

Sviniiiars 

As a rule students will meet once mch week in groups of ten tor a Iwent3'-fivc minute period. At 
this time each ^^tudeiit wjl] have an opportunit)^^ to orally meet selected performance objectives relative to 
laboratory work or lecture deinonsiration niaterial covered in the previous week. Scores assigned will 
consider attendance, quality of pertbrinanee, and contributions to the seminar discussion. Members of 
the Chemistry Faculty will conduct the seminars. 

Taped Lectures 

Audio tapes eovcr introductory material and t;elected concepts. Ca: .^ettes for the several topics may 
be checked from the Independent Study Materials Center for use in the iaboratory carrels. Copies of these 
tapes will also be available at the College Library. GuicJcs to tapes are suppHed in tne Smdy Guide for 
CV 150151 Iniraditctory Chemistry with Laboratory. 

Video tapes covering these topics are being prepared. Showing of these tapes will be arranged on a 
schedule litting with that of the Television Department, The Television Department may be able to meet 
a liniited number of requests by individual:, or groups for special showlngb. 

Film Loops 

A Hbrary of over 100 film loop titles dealing with practice and theory of physics and chemistry is 
located in the Tndependent Study Materials Center, The student may check these film loops for use in 
the laboratory carrels equipped with super- 8 p; .)ie^:tors. The student is expected to view all titles hsted as 
part of his program; however, he need not limit -lis viewing to these titles; he is welcome to supplement 
his program with any of the titles he believes to be helpful. 

When available, duplicates of the assigned titles will be available in the College Library, 

Laboratory 

The laboratory, Sc, 1Q7, consists of 18 stations each equipped with a laboratory bench and a study 
carrel. A hood and a bench for specia! experiments is located on the north wall. The aisle along the win- 
dow wall is furnished with a small library of chemistry texts and serves at; a browsing and study area. Tlie 
southern portion of the room is used for testing, seminars, and student -imtructor conferences. 

Although the laboratory will be open at all times for use of unassigned camels and other study areas, 
students will not be allowed to conduct experinients except when the laboratory is staffed by a member of 
the Chemistry Faculty, 

At ;ha northwest corner of the la'^cratory is the Independent Study Materials Center from which 
various learning materials may be obtained. Normal librar)^ Tules are followed. The center is staffed by 
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:s!u(.ic]Us dii'i;!!^ (i'" iit/Uis it V upcn: iIh": 'luMrs 'vi'l be posit'd. R^^sponsibniLy {(n itcins ubUiined Irum 
fh-; 'jcvh:i 'W.. ^vii'; ihv r-'oia - >:y-i-\iV' ^Uc i^.Mi^. ■W-uiri-'. \r r iri \ti-m:\ '-'JlKn ihvy arc chic 

arc siibjcci to the iionn; ? 'iHiavy inb/s. 

■fiiC frTiA' n- ill, ; . ^ .,;;n : . • u i:; h.; -r;:'t!'c:--! onnv;!' c." 'Jr^ ^'■I'or.ilnrv. Students an* 

c!u;uura|Kii [n tJiscuss ihv variuiis aspects ni uiis mult iMucdiii :;pprr?;u:h to ciu inis*Ty wiUi ihc Lliiuctur. 

Members of the Chemistry S^acuU;/ will f^e supcrvisin?: all scheduh''d laboratory periods •m vveli as a i' w 
unscheduled hours, idie instructors will us^. this iinic lor assisting students having ditTiculty hi tlicir work 
uiid for adniinisLcring the testing prograni- Altliough students needing assistance should tirst seek help 
from the laboratory instructor to whom they are assigned, if their difnculty continues they are free to 
contact other members of the Cdiemistry Faculty as opportunity permits. This progrmn recognizes that 
some student-racuUy relationships arc nioiL- cITeciiv'c than others and - hat coiitact with several instrue- 
lors is of vahie to ilie stuui nts. 

Testing Vvoujam 

this c<nirse. a prcT'^st is administered at the first iarge group nice ting. A second pretest over fractions is 
'ir^cn -iuriiu^ - he first wee!: of ebin-es. Fcor 's on dr^'sc lests wt'.^ po^ded b'^' ^^tnclcnt nnmber. Since (he 
scores can assist the instructors in hehnn^ the student^s. students should discuss the significance ot ttieir 
scores with tfie instructors, in the liidu of a student's scores, an instructor may recommend a modilica- 
tion oi" the student's program. 

pprfnr'i^ '« n*^!* oorii-c ryf ni'\:]\^^vw^^ tM^t*; j j ,v*f prni j whcrbe^ OT not ^tuden^ retiiaiTis in the nro* 

^:iram and whetfier or no lie receives a grade. Note the following. 

L To receive a grade of C or better, a student is expected to complete the entire program, 

A miniuiuin grade of C will be assured those students making satibfactQiy scores on al! qiialifying 

tests. 

3. Grades of B or A will be assigned to students having a record of high-level performance in the 

CUUi sc. 

4. Students who have completed 60% but less than 100% of the program will be assigned ^Mncomplete/ 
or /. These students are expected to complete their program during the next session; failure to 
conipietc the work will resuli in a grade oi f\ 

5-. Students who do not complete 60'^ of the program will be requested to change to ''audit." or M" 
failure to make this change will result in a grade of K These students are expected to enroll in 
CY 150-151 for the next session so that they may complete their program; they will not be re- 
quired to repeat work which they have completed, 

6, Progress reports will be made according to the l^ollowing: 

A and B Maintains work schedule with outstanding perforniance, 
C Meets 70% of work schedule. 

/ Fails to meet 70% of work scheduled but conipletes at least 50%, 

F Fails to complete 50% of work schedule. (These students should change to '*audit" 

or withdraw from the course,) 

7. For each test, except the pretests, the student will be given a set of perfonmance objectives stating 
what lie is expected to be able to do on the test, 

8, Before being assigned a qualifying test, the student must present evidence of his preparation for 
taking the test. 

9. Qualifying tests over any given set of material may be taken repeatedly until a satisfactory score 
is made; however, there must be evidence of remedial work done between each attempt. 
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AitenftiHice 

r::.ii;li ■. \id^\u .;:pi = .:r;d r) k:U\U^ r- M V .m :: in Mil, prn-nTii- j::rHit^(-\ I ^u:>u ncnw's 

incluu^^: 

Lah :;aory sCcUun 3.0 hours 

Seitiinar ^3 hour 

To be arrnni-ed 5.? hours 

Attcnihiiicc und time spent are rucnrdecl on time c::rciH. This information is periodically summarized 
ny conipulcr. 

As a riiiu the studen: is expected to spend eight hours per week of study above the six hours scheduled 
When space pennits. the sUideut h welcome to npend some of these hours in the program faclHties. 

AN EXPERIMENT IN AUTOMATED INSTRUCTION: COLLEGE CHEMISTRY I 

VV, Clary 

Sacraniento Ciiv Coliege. Saeraniento, C^ilirornia 



and reprinted here with the permissit^n of 



The iiumductory cheniistry course for proiessionuls at Sucrumento City College is unfortunately 
trauniatic. A hi^ii drop-H)ut rate (40% up) characterizes even the besl presentations. An explanation fre- 

neeessury fur conventional chemistry instruction. 

The Approach 

instructional technology has developed to the point where it is possible to offer automated, and yet 
highly individualized instruction to large classes. It is teehnologieally possible, for instance, to present an 
entire course to each and every member of a class of one hundred students without the usual 'Mock step'' 
reciuircment (all do the same lesson on a given day). Systems are available in which each student may 
proceed through lessons appropriate for him at a rate commensurate with his or her capabilities. Exams 
are frequent and may be retaken until an acceptable performance is achieved. 

Are such systems necessary or even desirable at this college? Recently, 1 gave a Chemistry I examina- 
tion that produced a few grades in the nineties, a class average of 55 and a low of 21. The standard de- 
viation was quite large ( =17), This exam score distribution is typical of student performance in many 
community colleges. Often the grade distribution will show four or five distinct maxima instead of one. 
Obviously the concept of the ''class'' as a group of students that may be taught collectively is hardly 
applicable to such situations. 

The Technology 

Chemistry teaching, like any other presentation, breaks down into specific knowledges, skills, atti- 
tudes, understandings and appreciations. Each of these five areas of learning demands its own instructional 
approach and evaluative procedure. 

Manual laboratory skills, for instance, are usually taught by the instructor demonstrating to the student 
the position of the hands, the movements, etc. Very often the student is unable to see the demonstration 
adequately because the point of visual emphasis is small compared to the visual field. Also, the time of 
the demonstration may not coincide with the learning priorities the student has established for hiniself. 
(The teacher sets up the demonstration and presents it^but half or more of the students turn it off because 
they are not quite ready,) 
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Win IK}! iiH'..u^sii:nU' Mi-J -ii\'s*.'i^;i' ioi^ ii' a c:mi riihaHi - sound ilh-' 'vMc'i Mio '^n'rh vy- - in uln- • \^;h.^p 

!'iru:en siK'h ca ■nri^i^^.^s \vu d JVolc^p^Hl k^ciHIy. hU st simply UcinoiisrratL J prui"?cr tochi:?c]'jr (or ner- 
f(M'iiiing a snecinc h\b cvpjrim -ill iisni^! Hu; idcniical ox;^ciii:]c!il and raciiitics^ Ihe saiucnl woiiiii later 
coiifront. 

Detailed knowiccige aiui undLT';! aiHlin^i are a ditTwrciu iiiaUer aiul inoiv dirncuU to cope witlL The 
prOLcdurc used includeti Hlins aiul linear pro\!rarnnied instructJon followed by weekly qtii/zes. Students 
who faded the ciuiz wer.: recycled un ihe program and requiret=i lo take tiu tuuz lUuun, If a liang^aip in 
this tornuila devciopcd, then tlie instructor would step in for a private lesson with the Inuividual experi- 
encing the difikintics. 

E:-q}erliinental Design 

iwo randuni sections of CI- ■ ustry lA were designated for the experinient diiriin^ the spring of J970. 
Althniigii no attempt was nuuie to match the two groups for ability or achievement in Cheniistry, ACT, 
math and natural science scores were available for about half tlie students in each section. These showed 
:.i!iaii ci.K iii/aaiiH uaai i». n crcu .\:a i s«. a vaua page;. 

Sludenis m the experiniental sa';l^nn were given the iisi o- assigninents that cansiituted their coiu^se 
(see course outhne a[ die cful of tins repori). They were inforniad {by handouts) tliiit no lectures were 
planned lur the eouise. All subject nuuier would be presenied by fiiins, progranUTied instruction or as 
answers to specific questions directed to the instructor. The instructor was available for questions during 
the atternoon class ncriod^. 

A nuiitiple choice, computer-graded exafn r^adon \^ as given about every 4th or 5th session. Any stu- 
dent who made a grade a\ 609? or below was pern :tted to retake the saine exam as many times as neces- 
sary until a score of 70% or Detic!^ was achieveu. 

The prograninied instruction was specific se :uencus from Numbers and Units fur Science,^ and Atomic 
Structure & Bonding.^ Additional short programs Uiandouts) were written by the author for (a) sequences 
unavailable in the two main progranimed books or fb) available sequences judged to be inadequate. 

The films were both 16 iiini reel and regular and super 8 mm cartridges. Most of the 8 mm cartridges 
were sound cartridges using the Fuirciiild Mark !V rear screen sound projector. 

The instructional procedure in the control section consisted of 3 hours per week of lecture and 6 hours 
per week of conventional handspanked laboratory in which the students emphasized the first five letters of 
Laboratory and the instructor eniphasi?:ed the last seven. The behavioral goals for the two classes were 
identlcah The control section was presented with the same material as the experimental section except 
that no media were used. 

Data 

Entering ACT Scores (Averages) 

E^cperimental Section Control Section 

25,5% 23.0% 
21J% 21,7% 

Drop Out Rates 

Control Sec^'m 
(33 enrolled) 
45% 
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('.:;ntrol :r/cUwn 



(Cfiemicai UnknoV'/ms) 



Fixpcriinental Section 



Control Scciion 
5 1% 



Discyssion 

It is dangerous lu ba^e jiulgnicnts of instructional eiTicacy on results involvi^ 



only 63 students. Even 



h rhe datu showing that student scores in the experimi^ntal section werg not much better than 
the control ^^ection mT/ nversiiadow on imnnrtanf fact: they weren't nny worse. One h 
tenipted to canciude that formal lectures may largely be wasted eflbrt, especjally when the 
subject matter is of a terse, highly technical nature. This niateriui can be presented more 
effectively with a repeatable printed visual format than with a one shot audio (lecture ), Of 
• nitf^e there wMI he nrnh'em aress in n subject Bnd there will be nroblem students. 

But these situations should be dealt with on a one-to-one teacher-learner basis^ time lor 
which is made available through the automation of the more routine part of the presentation, 

2. The experinientai section retained 75% o" the enroijees. Tht; control section retained only 55%, 

3. Tiu experimenta! section generated a more homogeneous product ( - 7.2) than the control 
y r;ion ( - 8,8). This may seem a small matter, but quality control is an important factor 
.4enerally ignored by many teachers and institutions. If tlie input is less variable, should not 
the ^jutput also be more consistent? Is not consistency of instructional output at each point 

in the curricuium something that is tacitly assumed by all planners of instruction? Is a "systems 
upproacir' loiaily irrelevant in higher education? Call it as you v/ili, I tend to feel niore eoni- 
fortabie about a class in which the standard deviation is not inordinately high. 

4. In laboratory, for which the cartridged films were mo^t specifically designed, grades in the exper- 
imental section were 10% higher than in the control .ectiaii. 



1. Harris, Frank, Numbers and Uniis fot Science 
Addison Wesley, Mass,, 1963. 

2. Dawson, Charles R. et ah, Aionuc Structure & Bunding 
Appleton Century Crofts, Chicago, 1962, 
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fWOHlI.i i , 4R INS^^^^' UMET^T ATION 

WiHiam Mooney 
Chairnian, Committee on Chemistry in the Two- Year CoUege^ 

111 recent years inure has been increased attention given to tiie use of instrumeiual niethods lor ob- 
taining infornuition i.hout chcniical cysfcms and to the development of instrumentation hardv/are for use 
in college chcnri.stry programs. Unfortunately, the development of instructional materials of software 
suitable for use ui contemporary college chemistry classes has not kept pace with the hardware or equip- 
ment developments. Lagging even further behind the software development has been the establishment of 
accessible and effective programs to inform chemistry faculty members about sue!; instruments and their 
applications and to train the faculty in the instnu7ient utilization. There also needs to be established an 
effective conmninications network for eva^i Uing and disseminating information about the hardware, the 
software, and the use of these in instruct; . .a! programs. 

Two significant instrumental developments in rcceiit years are the appearance of low ccst, student- 
prooi, iunaDic uisiruincnts anu iue dcvuiDp^ r^. ol incnjuiui iuhiriuiieuiaijuii sybieuis. 

The Two-Year College Chemistry Confci ace has a role to play in bringing to the cheniistry faculty 
of the two-year colleges inrormation about and denionstrations utilizing new instruetionai equipment and 
matenals suUable for use in coHcge cheniistry. The Conference also has a role in encouraging chemists in 
these colleges with ideas and interests in utilizing such equiprnent to develop materials suitable for use in 
the chemistry programs of inc two-year colleges. To fulfill these roles symposia on Innovations in Chem- 
\^'ii'y Feachiii^^ uia ?>tlie^Hile^i d luui of Uie I onfereuce piOt^.i':M>is. 

The Syposiunt on Modular Instrumentation includes presentations of instruments and their utiliza- 
tion in such a way that two-year college chemistry faculty should be informed and stimulated to go home 
and develop plans for the improvement of their instructional programs throu^ the use of these or similar 
instruments. It also makes a contribution by presenting to the conference attendees both the potential 
contribution to instructional improvement and the problems associated with the introduction of any of 
the instruments or techniques presented at the Conference. 
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DIVISION OR TWO YEAR COLLEGE? 
Robert Pecsok 

University of CaHfornia, Los Angeles, California and Chemical Technology Curriculum Project 

Presented as the Keynotu Address at the Symposium on Modular and Low- 
Cost Instrumentation, 26th Two- Year College Chemistry Conference, Los 
Angeles, March 26, 1971, 

Let us begin this discussion of why we should consider using instruments in lower division chemistry 
courses by first examining the situation regarding instrumentation in the early 1940's. The most intricate 
equipment used at that time was the two-pan balance. The most valuable laboratory apparatus was a 
set of gold-plai 1 weiglits. The equipment that was available in significant quantity consistecj only of 
beakers, burets, flasks, funnels and, above all, the rubber policeman. To judge the viewpois of some of 
my contemporaries, they must still have this view of analytical chemistry* TTiey hated the subject when 
they were students and they still hate it as a course requiring tedious and uninteresting procedures. 

The ability of chemistry departments to purchase instrumentation has certainly vastly improved 
in recent years. It has often been easier to order a $50,000 or $100,000 instrument than to get a type- 
writer. To a large degree the image of the chemistry department has detipnded upon the amount of money 
available to be spent on instrumentation. By itself this is not a good reason'for usii^ instruments in 
elementary classes, Tlie important Justification of the use of instrumentation in thesa classes is that it 
holds student interest while much more accurately reflecting what modern chemistry really is. 
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Wr ^hniiUi h-vMnii UU" in:K'"u;o iis soon as pnNSji)lL' ot IkivuV:, siuuenls ^.tu IhiuHn uie v/a> a LiHriu ^- 
dors thcin= n ^- J |vir(i/ul;u- vio\vn(^hi: has bi:rn acLCnUMi by a stiulcni, il. iH-coinus ijiiTicur to ie;H.. 
hip^ h'-; r ^ ,:r.^ hiMUT 'vnvs uonu! ihtsaino Uunr !^ is i:inch like Icarniiu: io cirive iinn then lu^vuig 

ciicmisiiy counv' .:m in* discu;,srd odIv }■. rcsr of irislrii!i^c;ifal niciisu^cmcn: We should ui ^^'/erylhin): 
pc)SsibK lo iiiak^ . • i-jhuraiury i;X[^urikP Liu- aiU, Ui is prescrUcJ in ii:;^ i^:ciuiv iM-ui^i=anK 

We shoiild nun: rhal in PMO oV cters were just becoming widcsureail, Tlicrc were p^Mtiaps 
a d()^:c:. pohjn>*nip!iK tjiroughou! the cr ay aiuJ iherc \N ere no boolcs about poiaiupnipiiy wrltien in 
FiiglisiL The lainuu^. DIJ speei ruphluii .e: v/as ugI yet in existence and only a few homemade IR npectro^ 
phtotiielers existed, none Uiem m^-^^ -i iirinlum. Tliore ^ve^; no radioisotapes tliat could be used except 
lor radium. F^iper chroniatograpliy in still unknown: the nuclear magnetic resonance specironieter was 
unknown: and tiiere were only a \ y few inass hpectronieters in physics laboratories. 

All of tliese inHtrunie-i ..se now accepted as requiremeiits for conducting cheniistry. The availability 
of these instrument and proceduves has drastically changed tiie real and practical nature of analytical 
cheinistry. it is no longer adequate just to determine composition; organic chemists want to know the 
inulecidar ^Uuctuie of eonipuunds in great detaiL In seniiconductor work determination of traces of 
conrnminants is much rnore important tiiaii determining the purity of the bulk elements present. It may 
be nice to know the purity is 99. 9^^ or 90.99':L but what is really important is the parts per niilHon and 

of trace metals and where ihcy are icinuL M'^^-;nry h^ s beep in fish for a long, long time; however, it 
was nut mumAcv^,\ 1./ I>- a p;v/hK:ari ^a:!;! ;;na\ ieal ni.AluxIs were dLvel-peJ that periTiitted determining the 
piereury coufent once it exceeded 0.^ parts pt'i n i|!ion. Archeology and art history have beeoine com- 
pleteiy dirierent subjects with the sophisticated ai^aiytical techniques that we now liave. For use in 
these nekis, the technique must be nondestructive; afterall we can^t very well titrate the Mona Lisa. We 
n.Mv ^a.r in.wu.r^u.t -.ar^M wbaji ,u:n-.iits u;-^ tn nn^ly-e r^nor: samnlc!: e-en wbHe tliey n-e tbe moon -^d 
we have made a start on the analysis of the atmosplrere of planets. It would seem possible that we could 
send an analytical chemist to the moon witii a suitcase tull of beakers, burets and standard reagents, but 
somehow it just doesnT seem right to titrate the moon. Modern mdustry could not exist without an 
arsenal of rapid, dependable, precise, automatic instrumental nicthods for process control There are maiij 
situations that exist which simply do not permit the time to be used to make an extraction and nUer a pre- 
cipitate, requiring a minimum of two or three hours of digestion and drying time. 

The reasons for including instrumentation in lower division chemistry courses should seem obvious. 
The question is how do we get the instruments into the classroom. Ttie research quality instruments ore much 
too expensive to buy and maintain for use in undergraduate laboratories, Fhey require too much space and 
take too much time for studi;nts lo learn how to operate them. I hey fiequently remain "'black boxes'' and 
thus lose a major aspect of their instructional potential However, there are some research quality instru- 
ments that can serve the dual purpose of instructional instruments as well as a research instrument. 

In the last couple of years, low cost educational models have appearad in most in,ctnimental areas ivith 
sufficient quality so that they can be practically used. Many of them are now rugged, dependable and accur- 
ate but are not necessarily sensitive or have the wide range versatility demanded for research instruments. In- 
strument companies have become interested in this particular market even though they may have^been interested 
only in the mcsc sophistic::ted high-priced units when money wm much more plentiful Many of the instru- 
ments are now available with visible access to the operational Pjalufcs of the instrument. This approach pe^ 
mils the students to see the nlumbing and wiring that go together to make a workable instriiment. Even in 
the area of mass spectrometry and NMR, the spectrophotometers are now available at moderately low costs 
and can be expected to see use in lower division chemistry courses in thp near future. 

The modular approach to instrumentation sounds good but it has many pitfalls. In general modular in- 
strumentation has not advanced or become as acceptable as many people thought it would, ^fhis approach 
seems satisfactory if students are being taught how to build instruments rather that how or why to use them. 
It appears that many teachers believe the do-it-yourself approach is best suited for individual projects where 
time is of less concern. 
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O;":- rw5?(iiviAT0GRAPKV AT RHODE ISLAND .n.lMK)R COLtEOE 
■USING A CARLE GAS CHKOMAT'^GRA.PIi SMSTRUMENT 

RhoL . sinnd Junior College, FroviGewcv., Rhode l^;innd 

Fres-mt^^^d ot ihe Syniposinui on Modular anU Luvv-C,!oa; hiSLriinjkmtaiiOn, 
^6ili Twn^Yc;^r Coilef^e Chcmis; w rontcivnoe. Lo^ Anr^^les, March 26, I97h 

InslrurTientation in the men of chemica! analyst has become the rule mther than the exception. This 
proliferation of iniUrumentaiion lieniands thai It ^' * inUoduced veiy soon in a chcniis^:ry course. At 
Rhode Island Junior College instrumentation is i oduced within the first three weeks of the freshman 
^ear to the cheniical tcclinology students. For the sake of educational expediency on the part of the 
instnictor and a meaningful experience on the part of the student, the choice of instruments must be care- 
fiilly investigated. 

In the area of gas chromatography, a standard Jnstrument may be so complicated that the oppoituni- 
tius for mistakes by the student in preparing the chromalographs for usage are increased and achieving 
meaningful results during a laboratory period are decreased. There are a number of gas chromatographs 
n^^atloble thai arc fairly slmnle to operate yet produce readable and meaningful chromatograms. 

jn the deveiopnieiu oi iiie iJicniieL i'r<jject muiunait^, uic coiiiiw^n^jus oi opiUiUii way ami an lijhtauiieat 
similar to the Carle gas chroniatograph instrunicnt would best suit the course. The instnmient is mtroduced 
by showing a film developed by the CheniTeC Project for this purpose. The film is 12 minutes long and 
is followed by the instructor's demonstr-Uion of the instrument. 

After the students rre introducer^ to m^^ instr- lent, they get the feel of it by running samples of 
pure solvents which are used to measure retentior nmes. These chromatograms are used later to identify 
coinponcats in comnieicial prcduc^s eucK a. ciua/iing nmaz, aficr-:^having loiions, fingemai: poiish removers 
and other such products 

At this point the studeni> sViou'd be tn foSlo' courses of fairly sophisticated chemical 
rcrntion using the Cark gas chruniatopaph Tiie reaction chosen, an ester exchange, illustrates that all 
chemical reactions do not necessarily go to completion. 

The 'aborafory groMp can be divided into two sections allowing the forward and reverse reaction to 
be investigated simukaneously. After standard chromatograms of ethyl acetate, methyl acetate, methyl 
and ethyl alcohol, (the components of the system) r^rc obtained, Group I may prepare reaction (!) 
ETAC & MEOH— ^ pkodurts while Group !I may prepare the reaction (2) ME AC & ETOH—^^ pro- 
ducts. 

After GhromatDgranis of the reactants in Reactions (1) and (2) are obtained, a chromatogram of the 
reaction mixture is run. Using a water ba'h stabilized at 45^C, the reaction is aUowed to proceed. After 
nfkcn minute intei^als, four i.U ^\ samp^3 irom the reaction flask are injected into the gas chromatograph , 
Chromatograins of the reaction arrj run ai the end of the mboratory period. The reaction flask is then 
storect iiglitly stoppered until the next laboratory period at which time a final chromatogram is obtainad. 

Some interesting conclusions can be drawn from the exercise: 

1, Products are foiTOed on heating the reaction mixture and from this an equation can be written. 

2. The products of Reaction (1) seem to be the same as the reactants of Reaction (2) and vice 
versa. This is seen by comparing the retention times of all peaks ir both reaetioiis with each other 
and with the standard samples. 

3, The chroiimtograms from the end of the experiment and those run on the same mixture during 
the following laboratory period show that for both mixturss the reactions have apparently stopped. 
ITiat is, within eKperimental error relative peak heights have not changed. 

4. It is apparent that Reaction 2 proceeded at a slov/er rats than Reaction L 
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Sky.. Colkge, Rockl^n. Carfornia 

Pruifunied pi ihe Syi^ipsoium on Modiiiar Lo^^/ C(.;it innrunicntation, 

hi our proin-am at Sierra CoHeyL^. tiie studciU is introduced to gas chromatography by mmm or an 
experiment Uiar'is one part of a continuing series. FiisU ilic studenr performs standard cHstiUation exper- 
iments using a binary mixture of unknown composition, crving first a simple clisiiUation technique, ihm 
fractional disliliatiorL Tiie nroc-dure folIoHH;d is that in Modem Bxp-rimenial O^w^nw Chemisfry. by 
Roberts, Gilbert. Rodewald. and Wingrove. However, instead of using the benzene4oIuene mixture 
suggested in the manual, we have them use an unknown mixture. Very suitable subi^tances to be uscc^ for 
uf^nowns are the isomeric butyl alcohols. We use a mixture of 2^butanol (b,p, 99.S^C) and I^butano! 
(b,p. 117. 5^C). After completing the fraciionni disiillntion, the students save their recovered tractions for 
future :!'r;i!y<^is by gas chromatography. 

FoHowiiig the distiHation experiments we go into a study of methi. of separation based upon 
phase distribution. We start first with a simple extraction experiment, then go into paper chromatograp^iy, 
then ms chromatopranhy. showing in each case now th. v technique corresponds to those previously 

siuuied, 1-1 fi 

We first consider the general physical system that i ■ \.hc gas chromatography aeveiop a tiow 
diagram s iowina the essential parts of the instrument by tracing cue carrier gan iiO^n V^. cylinder th^ougli 
all parts of the instrument until it finally vents into the air. This serves to acquaint the student witn the 
sequence involved. We then turn our attention to a detailed consideration of tv^o parts of iho gas chroma^ 
tograph: the detector and the column. 

In considering how the detector works, wc have found that the siudenis caa tupidly gam a feci 
for how a wheatstone bridge circuit works, even if they have had little electrical theory. 

Having Previously stunied paper cnroniatography, the functions of the carrier gas and of the com- 
ponents of the column rapidly become clear, Tney see the carrier gas as the mobile phase, correspon- 
ding to the eluting solvent in paper chrom itopaphy; the solid support corresponds to the cclmlose 
fibers of the paper; and the stationary liquid phase coating the solid particles in the column corresponds 
to the adsorbed water on the cellulose fibers. At all times we strive for a "molecular awareness^' so 

t the students can visualize in their ^*mind*s eye'' the progress of their samples through the chromato^ 
graph. 

Following the preliminary discussion the students inject their own samples into the system. This 
must be done under careful instructor supervision because of the extreme ease with which the syringe 
can be damaged. We use a 10 /il syringe equipped with a guide mechanism because of the vep' small 
samples used. The average sample sizes run from 0.5 to 1.5 fil 

The real satisfaction from this experiment comes when the students see their chromatograms coming 
off the recorder/ Ii is difficult to convince a student that his fractional distillation is not 100% effi^ 
cient, but when he sees two peaks instead of just one on the chromatorani. he is forced to accept the 
fact that the distillation is not perfect. 

SometiMies (indeed, rather frequently) an extra peak is observed that the student can't account for. 
It invariably appears between the air peak and the first component peak and can readily be identifled as 
acetone. A very valuable point can be made here regarding the common practice of using acetone to aid 
in drying glassware. The purity of their samples is then calculated in percent, utilizing the integrator 
trace 

Following this the studerits then turn their attention to phase three of this continuing experiment by 
a'nning the same sampler, on the infrared spectrophotometer. This completes the sequence by enabling 
,Pc ..(.'dents to idenl'fy the cornponents of the mixture they started with back in the distillation expert. 
iTient. 
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Tlkii Vanan 9()-S\5 it; , chiuii;aU)gn;pn which is well adapted to the student laboratory in lower 
division ins^,ract^orh FundanieiuaUj/ it is a rugged, dependable instrumeni: tlmt );> easy to usu. It is a 
yw^^H^ vabr- \n-^\v\\m'n\- Hsin?^ a niern!ui cO!KhH:hvify (i^^tecroi'. inis provides for n very m^?geiK fecnsi- 
iiv;: '^ncl nma>iinply sfable unit that h well suited to routine student use. The chrornatogram k recorded 
t ^^"^ a Un-ds <S)\i} NorUugi^ ^pcednniax W fi^roixirr, I'quipned with m Disc Mitegratnr, 

StLidcnts quickiy learn uie n=H;cssary techniqv.e«s in the gas chromatograph's operarion and soon t-'he 
its u«c for nnnned. Ga^ chromalography has become an integral pan of our labofatory program and 
complcmenis the other analytical techniques available to the t^tudcnt. 



GAS CHROMATOGRAPHY IN INSTRUMENTAL ANALYSIS AT 
QUEENS COLLEGE USINCw A GOV/^MAC INSTRUMENT 
David C. Locke 
Queens C^jUcge.. City Uinversity of New York, New York 

Presenied at the Symposiun/ on Modular ^nd Low Cost InstrunientatiOB 
25th Two- Year CoIIuge Cheinistry Conference, Los Angelu;., March 26, 197! 



Analysis r;nd siirsultnneously with second semester physical chemistry. Ten laboratory experiments and a 
i^pecla] project u\ the 'Awdv^-iV^ choosing and development are perfQinieu, covering separations, electro- 
analyticai chemistry and anaivtical snectrophotoiTietry. Two ieetures and one six-hour lab period are sched* 
aicu >er \\^eek. IJiumMy because of ^^quipment lirnitations, stuc ents work in pairs. Molecular characteriza» 
tion by IR, NMK, vie. is treaied in ' ■nalitative Organic Analys s and conseouently is not covered in Instni- 

Emphasis is placed on gaining familiarity with using inEtrunients rather than on high quantitative 
accuracy. Nonetheless, the quantitative results tend to be rather good considering the difficulty evtn the 
most ( xperienced have in successfully execuring a procedure the first rime through, Sophisticated insiru- 
mentation is really unnecessary and «ven undesirable at this level In any case, vve arc in no position to tie 
up expensi\"e '^research" equipment for use only once a week. 

The gas chromatography experiments described here have worked out very well, being trouble-free 
and eahily comprehended by students. We have had very good experience with the GOW-MAC gas chroma- 
tography Having long been satisfied with GOW-MAC thermal conductivity detectors in homemade and com^ 
mercial GC's, I was delighted to seu their Model 69-100 Educational Gas Chromatograph introduced. In- 
deed, I managed to get serial number L They have maintained their standards and we have since purchased 
two more units and intend to obtain two more next year. 

Other GOW-MAC GC's are being used at Queens College for undergraduate and graduate research. 
While CUNY is not yet able to supply one GC per student, the availability of low cost insip nentation allows 
us to place af feast one GC in each lab. 

De^mptian of the Instrument 

The GOW-MAC Model 69-100 is a convection-heated, isoihern^aL iuai column, two-fuamenii, thenpel 
conductivity instrument. A diagram is shown in Figure 1. It comes in n sections; one mcuo^^ comains 
the electronics and controls, and the other, the upper part, is l!ie gas chrometogiapii itse^ f. ^'wcn the two 
sections are separated for use, about two square feet of bench top are occupied. 

Two different columns may be installed, More than 16 feet of -/44nc^ tubing mt\ be placid In the 
oven. Columns of different polarities^ for examph, can thu'^ be used successively on the m mixture to 
demonstrate the effect of stationary phase polarity on selectivity. The oven is heater* onvection from 
the block containing the two injection ports and detectors. Column temperatures ' C and injector* 

detector temperatures to 280' C can be reached. With the cover off, the instrument can be operated 
at ambient conditions. 
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Tha thermal conductivity detectors use the new gold-sheathed tunptan filamints which are motQ 
fisistant (thou^ not absolutelj^ immune) to air oxidation than WK filainents and thus last longer. The 
power supply is all solid state. Seniitivity is entirely adequate for all our purposes. 

Flow rates in the two columns can be individually controlled by means of Nupro valves. Injectioii 
is by syringe. We have had considerable loss of syringes through bending of the plunger andi therefor©, 
use $12 GlencD syringes rather than $18 Hamiltons, 

A one, five or ten inv recorder may be used. Larger & ^/ iles are,of co^^rse, required witU lais sensitivi 
recorders. We have used the inexpensive Heath recorder (10 mv), the 1 mv Sargant, and ae 1 rav Variiri 
recorder (which has a pen that worksDjand all of them have their problenis. 

Components and operation of the GOW-MAC Gas Chromatograph are made clear simply by rernovliig 
the cover. Like Fords built before 1957, it's all tliere to see. 

Tlie three experiments described here illuitrate general principles of GC, quantitative analyiis by GC 
and application of GC to a chamical problem. All use "rear* samples (without making too big a thing 
about it) as opposed to cDmpletely synthetic mixtures. Norrnallyi two of the three experiments would 
be done per semester. 

Experiiiiant I : Introduction to Gas Chrumatography 

Some fundamental chromatopaphic variables are the subject of this experiment. The separation of 
multicomponent mixtures of very similar compounds is also clearly demonstrated. T^e analysis is one of 
considerable importance to the petroleum induitry. The use of four blends as samples allows retention 
times to be measured unambiguously. Other combinations are possible and higher homolop can also be 
included at this teniperature. 

In practice, nice, straight lines are obtained for the plots of log V vs carbon number, boiling point 
and 1/X With care, a typical van Deemter plot can be drawn from the hcxane data. The iniportarice of 
correcting for the carrier gas compressibiUty is also readily seen. 

The experiment can be extended or expanded (or contracted, for that matter) to include quantitative 
analysis of unknown blends, lighter fluid samples (which have C9 *s and hi^er boiling materials in theiii), 
petroleum ether, etc, Slight modincation allows usa of the experinient in physical chemistry lab: if the pre- 
cise wei^t of squalene on the column is known* the specific retention volumes of all constituents can 
be calculated and from these the infinite dilution activi y cDefficients, It Is the nonideality of the squalene- 
hydrocarbon solutions that renders the GC separation possible. Other thermodynamic quantities can be 
derived from the termperature dependence of the activity coefficients. 

(Details of the experiment can be obtained by writing to the Editor of these n^Qceedings.) 

Exparinicnt 2: Analysis of Xylene by GC and b** IR 

Quantitative analysis of the same sample by two different techniques simultaneously offers imniediata 
comparison in terms of time, technique required, ease of smple handling, calibrations required* data inta^ 
pretation, etc, The experiment on IR analysis in Ewing's Imtrumental Methods of Chemicrtl Amly$i$iid^ 
been used by us previously by itself; the GC part was introduced this semester. The GC results have been 
far better than the IR results. 

It is possible to demonstrate trapping and peak identification by a simple extension of this experi* 
ment. By using larger (50 ^1) samples containing these compounds and possibly some higher aromatic 
homolop, peaks can be trapped at the exit port of the chromatopaph in a imall* bent, glass U-tybe plac^ 
in a dry ice-acetone bath. The GOW-MAC can be placed on top of the recorder or on a small box. The 
glass tubes can be rinsed out in a small volume of cyclohexane and identified by IR or another ipectros^p 
ic technique* Repetitive injections may be necessary to obtain iufflciant sample for IR. 

Experiment 3: Kinetics of Methanolysis. 

This experiment requires some backpound in chemical kinetics but serves as a good extinple cf 
the use of GC for obtaining kinetic information. This experiment shows the ^paration of a reaction mix- 
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tiire qumche<l after 40 niin* ; the peaks are methanol (solvent), § thaiiol, and the thret acetals. Note that 
the GOW-M^C CC will hold both a 10 ft. and a 6 ft. column at the same time; if necessary.one could 
perforrn bothiKpeiim«nti on the same day without changing a coluinn. 

Typit^al stuilent rciults for peak area vs, time are shown in Figure 2 and the log plot in Figure 3. The 
results obtained at Quceits College agree well with those reFOrted by Johnson. 



Figure 2 f Student Data for Peak Area vs Tirnf Figure 3i A Log Plei Qf Figure 2 for Diethyl A^til 
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INFRA RED SPECTROSCOPY AT PHOENIX COLLEGE 
USIMC THE BECKMAN MICROSPEC INSTRUMENT 
J, Smith Decker 
phoenix College, Hioenix, Arizona 

Presented at the Symposium on Modular and Low-Cost Initrufnentatioiii 
26th Two-Year Collage Chemistiy Conference, Lou A;^gales, Maiah 26, 1971, 

The Beckman Wiciospec in^tramant has many applicationi. With the Wllks Minipress you can run IR 
spectra on an^^ solid sajiiple if a iimple procedure is followed. Be sure that you: 1) use dry Harshaw 
grade KBr^ 2) keep samples as dry as poisible and 3) grind the sampli well* To keep the instrument in 
good operation, the therrriocouple must be Icept dry. This can be accompHshed by installing a liiht which 
will keep the ternpeTattjre of the initrument high enough to dry the thermocouple or by buying the heating 
unit furnished by tha conipaiiy. The Wilks Mini-cell makes the instruriient very usable in inexperienced 
(student) hands, 

Tha Microipic produces spectra of acceptabli quality. In a comparison of the spectrum of anthraii' 
ilic acid frcm a Pcrkin-iirrer instrufnent wth the spectrum ^ven by the MicrospeCs the saine peaks appear, 
Howfyar, the Miciospec does not pve as food risolution as the more expensive instmnient* Similar com'' 
p^risons mad^ with athanol on the two instruments ^ve similar results. A conparisDii of the Mi07ospec*s 
spectra of two samplis of benzyl alcohol (one sample prepared by a student in an organic class, tha second 
sample taken from the itockroom) shows the presence of benEaldehyde In the stockroom sample. 

Tfit Microspec ha^ df^v^backs in addition to roorer peak resolution than nior@ expensiva instruments* 
As with all IR spactrophatorTieters, it Is all too ea^y to paphically illustrate to students that water is an 
irnpurity and must be kept away from windows, T^e salt windows ire dlfticult to keep transparent, and 
grinding tha winclow is g tediovs process. 

AiTiofig ndv^antages^ the MicrospeQ provides a usttble» cheap approach to teaching students about infia-^ 
r0d spectroscopy. Maiiy goo^ spectra are available for comparison. (Spectra of common liquids can be ob- 
t^inecl fror^ Rod O^Coiiner at the University of Arizona,) Such spectra help to ^ve the student confidence. 
When a sttidefit lias coi^ndence in his instrumant» he can then realize how it can be used as an analytical 
t^ol to find the purity of samples. 
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INFRARED SPECTROPHOTOME'TaY AT SANTA ROSA JUNIOR COLLEGE 
USING A PERKIN-EI-MER MODEL 700 IR INSTRUMENT 
Courtenay Atideraon and Robert Medley 
Santa Rosa Junior College, Santa Rosa, California 

Presentid at tlie Symposium on Modular and L«w-Cgst Instrunientation, 
26th Two- Year College Chemistry Conferince, Los Angeles, March 26, 1971, 

The Santa Rosa Junior College chemistry department purchased a Perkln-Elitier Model 700 infrared 
spectrophotometer. In addition to the initial purchase of the instrument, itself, we also purchasid: 
1) two demountable holders and six NaCl prisms, 2) two AgCl windows, 3) two fixed-pathlength NaCl 
cellf., 4) one gas cell, 5) one Perkin-Elmer KBr pellet die, 6) one pellet holder, 7) additional recorder pens 
and chart paper. During the past three years of operation, the following additional Itenis have also been 
purchased: 1) one large and two imall desiccators, 2) one vacuum pump, 3) one pellet die press, 4) one 
small agate mortar and pestle, 5 ) one modified Wiggle-Bug, 6) one set of window lefinishing materials 
(home-grown), 7) one hot air blower. 

Maintenance of the instrument and the accessory equipment has not been a very large problem. TTie 
Model 7O0 has required no maintenanci other than adjustment of the gain and slit by our staff. The instru- 
ment is always covered when not in operation and the power cord is unplugged to prevent the mstmment s 
being accidentaUy energized. The NaCl windows occasionaily riquire refinisning. This nas oeen mmi- 
mized by insuring that all samples are dry and that all windows are washed with benzene dried over sodium 
immediately after they are used. The cells are then stored in a desiccator. Fixed cells are r used with dry 
benzene and then aspirated through a calcium chloride tube immediately after use. 

During the two-year program we ejtpect the student to become familiar with this instmment and begin 
using it routinely. In Chemistry 1 A-I B we use this instrument for: 1) infrared absorption correlatiotis with 
bonding, utilizing student-synthesized sulfur oxyanions and 2) the verification and effect of compJexation 
upon chelate stretching vtbrations. (Our present laboratory text is Experimental Cenetal Chemistry by 
Lippincott, Menk and Verhoek.) In Chemistry 2A-2B we expect the student to use the instrument for 
identincation c. functional groups by veriflcatiotis In the fingerprint repon. TTie present laboratDry text 
is The Etemetit : nf Chemistry in the Laboratory by Lawrence P. Eblin and Introduction to Laboratory 
Chemistry: Orm-ican^ ifiocnemistry by William :, Richardson, DeBey, Kelley and Lien. In Chemistry 8 
we use till instrum nt for verification and identification of synthesized products In six experiments with 
whi.h we suPFteniMit the basic laboratory manual. (The present laboratory text is Organic Experiments by 
LinEtrombyrg and Baumgarten.) For Chemistry 12A-12B we use the instrument extensively for identiflca- 
tion .--G verijiijation of tnoiecular structure. The instrument is used in conjunction vrith refractometry, 
L-V-visible spectrophotometry, gas chromatorgraphy and melting and boiling point determinations using the 
Mettl;r FP- 1 . (The present laboraiory text is Organic ExperimentB by Linstromberg and Baumgarten with 
suppknients and Experimental Organic Chemistry by Maijorie C. Caserio.) 

Sy rotating the experiments assigned to be done on the instrument, one can adequately get along with 
a minimum of accessories, We have found the following list to be adequate; 1) NaCl demountable cells 
with appropriate gaskets for fixed pathlengths, 2) two mini-dies with torque wrench, 3) one vacuum 
pump. 4) a few desiccators, 5) a few agate mortars and pestles, 6) some NaCl windows, 7) a reflnidung 
kit for the windows. 

A MODEL FOR TEACHING SPECrROSCOPV' 

Jeff C. Davis, Jr. 
University of South Florida, Tampa, Florida 

Presented at the Symposium on Innovations in The Teaching of ChMnlstry, 
24th T\«fo-YMr CoUege Chemistry Conference, New Orleans, Decinber 4, 1970. 

Spectroscopy represents an extremely Iraportant topic in chemistry instruction, even for elementanf 
introductory courses, for a variety of reasons. Spectroscopic techniques arc valuable tools in research and 

63 



anilysis for the jdentificatioii of elements and compounds and for the elucidation of their structure. They 
are basic niethods for quantitative inalysis as well as in such divtisified areas as pure research, iridustrlal 
contr©! laboratories, medical clinical laboratories, waste and pollution control monitoring^ drug analysis^ 
and so on, Spectroicopy has proven also to be a fundamental loxite to knowIed|e of molicular structure 
and properties bearing on chemical and physical behavior. 

i^thou^ certain spectroscopic topics are mentioned and illustrated frequently in elameatary textbooks, 
there are a number of probleins associated with cominunicatiiig these important concepts affectively As 
generally presented topics dealing with spectroicopy are presented in mch a piecertieal fashion, most of the 
students do not even sense the underlying common features or appreciate their fundaniental nature. By and 
large, students in elementain^ coupes do not understand 

(1) what a spactrum is. 

(2) whit is involved experimentally in obtaining spectra* 

(3) the quantities used to describe ipectral features and 
spectral information (such as frequency, wavelength, 
energy, intensity* etc*) 

In addition, students lack practical laboratoiy experience with these concepts. 

Although few, if any, textbooks present spectroscopic concepts in a unined way, this deficiency can 
be reiTiadied easily in the classroom and in the laboratory. It is important to mixlniize understanding of 
basic concepts by discussing theni in a general^ unifled way and to be sure that fundamental ideas have 
been adequately illustrated, TTie fQllowing steps illustrate this theme, 

1, We general concept of a SPECTRUM should be dartfM Any spectrum is essentially an ordered 
display of the components of soma system. A simple example is the perfomiance o^^ f^tadents in a class 
as evidenced by their grades on an examination. If the pades scored are arranged hy^teniatically, 
starting with the highest and proceeding on through the lowest^ than one has pr^iian. d a spectrum of 
the ^ades scored. If, in addition, the number of students scoring each grade also Jisplayed ^aphi- 
cally, one has a spectrum containing quantitative inforrnatlon as wIU This ic ijii^ogous to the spectmm 
of visible light in which the varir kinds of light in a beam cf light are sorted apart and arranged systa- 
matically in terms of their wavelength or frequency (which also correspond in visible light to a physio- 
lopcal perception of colors), If we plot also the intensity of the light of each wavelength or frequency, 
we have aJl the ingredients of a quantitative spectrum as usually presented graphically hi a textbook. All 
spectn are similar whether thay are infrared absorption spectra un whish the radiation passing tl .jj* 
a sample is plotted as intensity vs frequency, or masi spectra in which the sorting parameter 
mass/charge ratio of the ions formed in the spectrometer from a molectile aiid the spetf uiis h a plot 
of the number of ions of each type vs the mass/charge ratio of the Ions fonned in the spectrometer from 
a molecule. 

These concepts can be illustrated easily in the classroom via demonstrations and fllms. A slit in the 
slide carriage of a 35 mm or Ian tern slide projector and an inaKpensive diffraction grating outside the 
projector lens pT-^vide large, clear spectra with which properties of diffraction* color^ absosTtion and 
similar effects Ci.'} be shown. 

2. rhe functi&mni of SPMCnOMETERS (divicm used tc cbtain and measure spectra) should be 
discussed in geneml terms. Deipite seemin^y different operating components and arrugemints of these 
components, all spectroscopic techniques— using the idea of a spfctruni as a basis— can fae put into a 
Qommon tnold. For example, all spectrometers begin with a SOURCE of radiation or of particles such 
as ions or radioactive amissions. In some cases the material to be studied produces these ^ in which case 
we have an emission technique. In other methods radiation or particles are produced by a lamp, a dis^ 
charge or some other means and this is then passed throu^ the sample of material to fee studied, "niis^ 
then, is abiorption spectroscopy^ The means useu provide the radiation or particles depends on 
whether one is dealing with visible radiation, infrared radiationp radiofrciqufncy ndiation, molecular 
ions, etc, gm ^ 
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The radiation or particles are next separattd in an orderly way in any spectroscopic technique* Such 
a device might be termed the ANALYZER. In most forms of spectroscopy invoNng electromagnetic 
ridiation, a prism or diffraction grating is used for this purpose. In a ma^ spectrometer the molecular 
ions arc separated by means of eitctnc and/or ma^etic fields. Similarly^ mechanisms can be identified 
for any spectroscopic method that perfDinis this separation function. 

Naxti the radiation or particits coming from the ANALYZER are couiited by means of a DETECTOR, 
Again different radiation may require different devices- a phcto^aphic plate, the eye itself, photoelectric 
cells of various kinds, etc. Finally, the response of this detector must be shown to the experimenter in 
sorne kind of DISPLAY. Typically this mi^t be a needle on a meter or in some permanently recorded 
form* As the ANALYZER propessively selects various components of the original radiation, the 
DISPLAY shows the intensity of the radiation for each component (similarly for particles), ^is, then, 
is a SPECTRUM. 

Again, these ideas can be illustrated with actual instrunients and with simple demonstrations as well 
as wi'h fUms. 

3. TTte propenies of radiation and of particles and the parameten used to describe them must be 
understood. A student can hardly be expected to understand what a spectrum is all about unless he 
understands the terms used to describe the oomponents that are displayed. All too often elementary 
chemistry texts assume that the beginning student already is an expert In physics. 

Particles involved in spectroscopy genirally are described by parameters such as mass^ charges velocity, 
mornentum and energy. Some of these may well require review. If magnetic resonance is to be discussed, 
the idea of spin angular momentum also is required. Radiation Is described by pafametei^ such as wave- 
lenth and frequency. These are seldom understood by the student. Fortunately , it is simple to illustrate 
these concepts in some detail via demonstritions and films using water waves as a starting point. After 
alL intarferenci and diffraction patterns are the basic way of determining the wavelength of light and 
therefore provide a natural bridge to wave phenomena, such as water waves, that the student actually 
can see. Once these ideas are clarified and the numerical values associated with visible li^t are examined, 
the expectation that radiation of other wavelengths and frequencies mi^t exist, even thou^ invisible to 
the aye I is easy. The energy content of radiation and the photon concept also can be illustrated in simple 
ways, 

4. // IS important that the student have contact with these concepts directly in the laboratory. 
Simple slits, diffraction gratings and color filters are inexpensiva and provide a means for students to 
examine properties of light and the effects of e pating (ANALYZER) 011! light. Althou^ complex spectro* 
photometers are expensive, simple filter photometers and simple spactrophotornaters are wall within the range 
of most budgets. These instruments provide an opportunity to examine such things as the intensity of U^t 
from a source as a Amction of its frcquancy or wavelength^ the effect of having aii absorbing medium ( a color 
filter or a colored solution) in the beam (quantitatively as wall as qualitativaly ^ and vaJiicus ways of piutluig 
Intensity vs. wavelength information. In addition, such dmple instruments provide direct observiition of the 
operating components uncluttered by confusing refinements^ and actual mean ncml a*t?Jyses can be performed 
similar to those that would be carried out in a medical, industrial or goveniniar*^' 'aboratory^ 

Fortunately, not only are many of these concepts amenable to a mora lo^cal tscatmrnt than found in texts 
and to simple and effective demonstration in tha classroom, a ptat deal can be dona vin ^If-initruetional me^ 
dia and in the laboratory. Many of the early physics projects such as PSSC and IPS prodjCi 4 v^^M fflt^i , 
flini loops on color, diffiaction, wave motion, etc. Mora racantlyt films in this area aimed at chemistry iiiSlrue* t 
tion, such as the Spactroscopy Series produced by Holt, ^ehart and Winston , have appaared and pro\ide a v 
mains for students to study these concepti his own as long and as frtquently as necemry* Visual illustrm- % 
tion and actual contact wdth the techniques are the only way in which soma of the abstract concapts can tonsk^ 
affectively in tha beginning student's axperience, J i 
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SCIENCE TEACHING IN MODERN SOCIETY 

Robert L. Wolke 
University of Pittsburgh, Pittsburgh, Pennsylvania 

Presented at the Symposium on the Interrelationship of Chemistry and our 
Society, 26th Two-Year College Chemistry Conference, Los Angeles, March 
26, I'J71. 

This is a discussion of the scientific and technological problems society currently faces such as air 
pollution, water pollution, food additives, radioactive contamination, drup, pesticides and waste disposal. 
I'd like to propose a definitive solution to each one. 

I choose three "age" cliches to suit my purposes. First, we are living in the Age of Communication. 
With several communications satellites in orbit over our heads at this very moment we needn't belabor 
that point. Second, these times have also been characterized as an Age of Technology. Behind the 
technology is science, so we'll call it the Age of Science. And finally as the song tells us, we are living 
in the Age of Aquarius, by which is meant the Age of Youth. 

In a real sense we, the teachers of the scientists and technologists, are right in the middle of all the 
action in today's society. In the Age of Communication, Science and Youth, we are in the business of 
communicating science to youth. In the vernacular, we're right where itls at. I'm going to puncture 
the bubble of self-importance by asserting that in at least one important respect we've been botching the 

Just as it is fashionable to talk about society as an Age of Something, it is also quite fashionable 
these days to talk about gaps. As a matter of fact there is a gap associated with each of the Age charac- 
terizations I've chosen for present-day society. We who communicate science to youth are faced with 
having to bridge all three of these gaps, Associated with communication is the Communication Gap. 
riiis gap has always existed whenever two people have gotten togeilier in the same room and the class- 
room is by no means an exception. Second is the Generation Gap. It too has always been present in 
the classroom: the person standing up in front has almost always been over thirty while the people in 
the seats have been under thirty. 

Trying to close the Communication Gap and the Generation Gap is simply the busmess of teachmg. 
There is a third gap associated with the Age of Science. This one has been with us for over thirty 
years, but was first formally dociai- -ited about twelve years ago by C. P. Snow. It is the Two-culture 
Gap- the gulf, the mutual lack of understanding which exists between scientists and what might be called 
the rest of society. The point I want to make is that we who teach science seem not to realize that we 
should be working to bridge that gap as well as the others. 

Consider some recent trends which mi^t be attributed in part to the widenmg of this Two-culture 
Gap The government has been drastically cutting its support of scientific investigation; industry is 
trimming away fat; significant numbers of Ph.D. chemists and physicists are unemployed; young people 
are not going into scientific careers? and there is a feeling on the part of many your people that technol- 
ogy has polluted our society and is "inhuman." 

Today then, the two culture confrontation is no longer an academically interestmg unpasse as it 
was when Snow first wrote about it. It has become Them against Us. And we're losing. 

Why am I rubbing salt in our wounds by pointing out that what we teach is no longer considered 
to be as important as it has been? I do so because I feel that it is partly our own fault, i do so because 
1 feel that we have an opportunity and even an obUgation to nibble away at some of the misunderitandinp 
upon which this gap is based. We have an obligation to try to counteract, ov at least to slow down, our 
society's disenchantment with science-for its own ultimate good. 

VWienever there is danger of misunderstanding, there is a teaching job to He done. Yet as teachers 
we have permitted these larger misunderstandings to persist while thinking only about how best to jonvey 
an understanding of the chemical bond. Teaching chemistry as well as we can is no longer enou|h. 
If we continue to spend all our time debating the relative pedagogical subtleties of one approach versus I 
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another, we are going to waks up to find that there is nobody to teach-unlcss, in addition to teaching 
the chemistry, we start caching also about chemistry, about science and about scientists and what parts 
they play in society. Unless we start teaching some music along with the words, the misunderstanding 
will continue to flourish, the gap will beconie a trench, science will fall much too low in priority and our 
society will have made a costly mistake, u n e- ♦ 

What are these misunderetandings and what can college chemistry teachers do about them? Firet, 
let us realize that most of the people in our chemistry classrooms are not going to become professional 
scientists. They are the future engineers, physicians, lawyers and thousand of other unclassifiable non- 
profession.'^ who will not be earning their livlnp by science. They are the "other culture." They are 
the very people who, by their own actions as future leaders or at least via the representatives they wiU 
elect, can either accelerate the ferment of disenchantment with science or temper it with an understanding 
of the true nature of the scientist and what he does in and for society. 

This, then, is the first of the two jobs ive now have to do besides teaching chemistry: we must 
shatter the distorted stereotypes of science and scientists which have been fed to and swallowed by a 
shockingly large fraction of our citizenry. You know the garbage we were all brou^t up on: the scientist 
is a sort of god in a white coat, devoting his life to the sein. quest for truth, forsaking all worldly 
temptations md so on. The young person hearing or reading tnese things is supposed to think, "My, 
how wonderful!", but he really thinks. "My, what nut!" Or, as one of my students wrote in a reveallngly 
unsuccessful attempt at understatement, "The sciyru. ,t is different from your run-of-the-mill homo 

sapien." „. . 

Even some of us run-of-the-mill homo sapiens who became scientists because we tought My, how 
wonderful!" instead of "My, what a nut!" discover upon growing up that we don't live up to the 
stereotype, and we secretly feel inadequate. 

If people are led to beheve that scientists are alien, unfeeling being with impenetrable motivations 
and superhuman intellectual abilities, they are just being challenged to watch for a chink m the annor. 
At the first sign of i uman fallibility, they pounce upon it much too hard. The result is suspicion of 
scientists mistrust of science, and overkill of scientific research budgets. If people are led to beUeve 
through the wrong kinds of science courses that science is some kind of magical priesthood wrapped up 
in an unintelligible little worid of its own, they'll abandon their intelligence and their citizenship whenever 
a technical issue of social importance arises. They will decide they are incapable of participating m its 
solution, and society apin loses one of its important resources. 

Paradoxically then, we can do both science and society a great service by using our classrooms to 
puncture the awe of science. Yank out the pedestal. Shatter the stereotype. Show our students both 
"good science" and "bad science" so they'll be able to recognize the good. Admit that there are some 
scientists with pet theories and inflated egos. Show scientists competing, disapeeing, making an honest 
and shameless mistake. Show how to evaluate the connicting pronouncements of "experts." Show 
scientists being hired and fired, raising families, skiing, skin-diving and being liberal and conservative. Our 
students and other citizens must come to appreciate the importance of science in spite of its fallibility. 
Only by flaunting the fallibility of science as a badge of humanity can we expect our society's investment 
in science to come to rest at a level which is based upon an unemotional, realistic evaluation of sciance's 
importance; this will be lower than the undeservedly high level of the past 25 years, but certainly above 
the punitive level which beflts a fallen angel. 

I said earlier that we must teach these thlnp in addttion to teaching chemistry. Teaching flftowr 
science without teaching the science itself is a worthless psture. But the second new job we chemistry _ 
teachers have to tackle is to change the flavor of the chemistry we do teach. Since time Is short I won't 
belabor the issue of relevance, which already has many other apostles. But it should be clear that the 
people in our classrooms today are those who will be expected to form opinions on sudi thlnp as iir 
pollution, Alaskan pipelines, oil bpills, the disposal of nerve gases, and on the dangers of enEymes, radio- 
activity, phosphates, mercury, marijuana, the Pill and mind-modifyin| drugs. Should we spend all our 
time teaching them about molecular orbitals, or should we be giving them the applicable yet solid chemistry 
behind present and future technological issues? 

Finally, what speciflc, positive actions can we take? 



1. Teach separate md distinct courses for those who are preparing themsefves to Join the two 
different cultures. Current practice appears to be either to offer the same first-year chemistry course to 
everyone or to pfepare a 12-molar course for the chemistry majors and to dilute it to 0.1 molar for the 
nonmajors. But watered-down major chemistry isn't what's needed by the "other culture." What is 
needed is a course which combines applicable chemistry with realistic material about chemistry. Both of 
these must be present in the same course which, for lack of a better name, we might call ''Chemistry 
and Society." 

As such solid courses replace the 0.1 molar nonmajor courses, why not open them up also to the 
majors? Students major in chtjinistiy for many reasons other than to become professional chemists. 
Most of them, actually, are going into engineering or medicine which, in our context, belong to the 
"other culture." And why deny even the budding professional chemist an honest and realistic look at 
his intended profession? 

2. Assign readings from boolcs and periodicals on *'scienc0 and society " besides assigning chapters from 
the chemistry text in these courses. A book report in a chemistry course, for example, is not as far-fetched 
in these times as it may seem. 

3. Invite real, live scientists to come and tell the class what they think they>e doing in the world. 

4. Discuss current news developments which have chemical overtones. 

5. Analyze pseudoscientific arguments in advertising. 

6. Teach applicable chemistry. 

Note that in this last item I avoid the word '^relevant**, which connotes ecessive immediacy. Appli- 
cable chemistry is not this-afternoon's-headline chemiitry. Nor is it watered-down chemistry or pseudo- 
sociological hot air. It is the good, solid chemistry which is needed by every thinking citizen in today's 
and tomaofrow's societies to help him make decisions. 

And if we don't deeply believe that chemistry can be applicable and needed, we should take Hany 
Truman's famous advice and ''get out of the kitchen/' 



CHEMISTRY: ITS EFFECTS ON OUR SOCIETY 
G. H, Miller 

University of California at Santa Barbara, Santa Barbara, California 

Presented at the Syniposium on the InterrelatiDnihip of Chemistry and our Society, 
25th Two- Year College Chemistry Conferince, Los Angeles, March 26, 1971. 



*it is an extraordinary era in which we live . . . remarkable for scientific research into the heavens, the 
earth ; and perhaps more remarkabfe still is the applications of this scientific rer.earch to the pursuit of Hfe . . , 
The progress of the age has almost outstripped human belier*' 

These words v/ere spoken by Daniel Webster in 1847, 1 24 years ago, but they ri^niarkably describe 
today's world. The applications of chemical research have improved the quality of life to such a high degree 
that we are living in what can be called a golden agr> never before has man been able to devote so many 
leisure hours to the pursuit of culture, understanding, knowledge and pleasure, All of this is brought to you by 
the courtesy of chemistry. The beneficial effects of modern chemical developments are eveiy where evident- 
we never had it so good. Chemistry is the chief source of all that is good in this world; better things for better 
living though chemistry. TTieie statements reflect only one side of the picture; however, they are typical of 
only one se^ent of our society-the optimists, 

Let me present another quotation. 

'-And I brought you into a plentiful country, to eat its fruit, and its goodness, but w^hen ye entered 
ye defiled my land, and made my heritage an abomination.'' 'nUs quotation from Jereniiah 2:7 expresses 
very well the opinions of another large p^oup of people conceniing the effects of chimistry on our society. 
They view society as a group of doomed people, living on a polluted globe, breathing suffocating and obnoxious 
gases, wallowing in man-made filth-ugliness everywhere. Again, all of this is brought to you by the courtesy 
of chemistry. These are the opinions of the pessimists. 

Which of these ^oups has the true faith? Are our decandants going to enjoy the benefits chemistry 
has wrought for society or will they be doomed-where lies the truth? What effect has chemistry really had 
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on our society? Has it all be for the good or the bad? In my omion the truth lies somewhere in between. 

I would like to consider several chemical compounds and comment on the effects these compounds 
have had on our society, both the good and the bad, mention a few things that are being done and then 
draw a few conclusions. 

Some of the bad guys are DDT, Dieldrin and 2,4-D, They represent a group of approximately 300 
compounds known as pesticides. The term ^-pesticides'' is a generic term covering fun^cides, herbicides, 
insecticides, fumigants and rodenticicides. They are being produced in the United States at the rate of over 
a billion pounds per year, The bioiphere now contains several million tons. They have produced quite an 
effect on our society. They can be credited with the saving of millions of human lives but they are also 
responsible for the pollution of much of our environment. 

Historically the use of pesticides is not new. Consider the herbicides as an example. Herbicides were 
invented many years ago, probably by a female=a female of the species odontoremes redemanni, a termite. 
These social insects cultivate fungus gardens in their nests where the growth is hrnitcd to one species, 
xylaria ntgripes. If one removes the termites from the fungus garden, other species of fungus soon make their 
appearance. The xylaria fungus is not itself responsible for the selective powth. The temites use a herbicide. 
The exudate from the anus of the queen termite contains caprylic acid; this is incorporated into the garden 
when worker termites cement the soil after licking the queen. Selective weed killers were used thousands 
of years before man ever got the idea, and there was no pollution of the environnient. 

The impact which pesticides have had on society, however, occurred following the discovery and 
massive use of DDT after World War 11. Thanks to DDT it is estimated that one billion people have been 
freed of the insect-spread disease malaria. 

James Wright, the Chief of Vector Biology for the World Health Organization, states that a major 
disaster would result from any action limiting the use of DDT for the control of malaria in developing 
countries (15 percent of the total production). He points out that the safety record for man has been out- 
standing; millions of lives have been saved and no toxic effects have been reported in the past 20 years among 
200,000 spraymen employed in malaria campaipis nor among the 600,000 to one million people who live In 
repeatedly sprayed houses. The only known cases of DDT poisoning are those where people accidentally ate 
the stuff. 

Now the bad side of the picture. DDT and related chlorinated compounds are ciocides. They are 
toxic to crabs, shrimp, fl^h, birds and mammals=in fact to all organisms which have a nervous system. Its 
immediate effect on ort^^ni^^ms is to trigger spontaneous firing of nerve axons which results in acute convulsions 
and death. At sub-lethai dosages it leads to hyperactivity, nervousness and atypical behavior. 

Recently it has been discovered that DDT also acts though hepatic enzyme induction. It induces the 
liver to produce enzymes; one of the activites of these enzymes is the hydroxylatfon of the steroid sex hormones. 
The resultant hormonal inbalance creates profound and unpredictable results. Estroger, for ejismple, controls 
calcium metabolism. The California brown pelican failed to breed in 1969 because its egg shells w.^re so tUn 
they collapsed when the birds tried to incubate them-DDT had disrupted their calcium metabolism. 

The unfortunate thing about chlorinated pesticides is that they become concentrated in our environ- 
ment. DDT is soluble in water in amounts of only 1.2 parts per billion. It is very soluble, however, in fats? 
thus DDT in the soil, rivers or oceans attaches itself to the nearest biological material or rapidly becomes 
adsorbed on particulate matter. Some California water contains 78 pprn DDT, 100,000 times the dissolved 
concentration. 

Oiice DDT is dissolved in living material it passes up the food chain. Concentrations of 100 to 1,000 
ppni cause death in birds and lesser amounts are fatal to invertebrates. Brine shrimp art killed by concentrations 
of 10'^ ppm. Probably the most endangered species are the birds of prey-the falcons, aa^es and hawks. The 
case apinst DDT Is well documented. 

The classic example of movement and concentration of DDT Inifood ohaini is Clear Uce, Califomia. 
After the lake was sprayed to remove insect pests, the DDT bacome concentrated in plankton. Small fish 
eating the plankton accumulated peater amounts of DDT, Finely, the ^'estem p^abe-a loon-like bird-- 
ate the small fish. TTie results were dlsasterous to the reproductive cyrX^ n the ^bes. 

TWs brief, partial resume of the DDT story illustrates the overall affect chamistty has produced on 
society. We now enjoy the benefits-no malaria, longer Hfe ex^ctancy, adequate focwJ supplies, etc. In the 
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process of getting these benefits, however, we became afflicted with the serious problem of environmental 
deterioration-contaminated water, contaminated food, destruction of our wild life, etc» Let me comment 
briefly on several specific effects. 

L The first is the great public awareness of the effects of unlimited use of chemicals on our environment. 
This has changed the role of chemists in society. Using the DDT story as our example, we find that many 
laws have been passed to regulate its use. Some states such as Arizona and Michigan have banned its use 
completely; the federal government has passed laws establishing maximum allowable DDT contents in our 
foods. What role have chemists played in the formulation of these laws? Consider the unknown chemist 
working in Eomc analytical laboratory who decided that 0.7 ppm is the maximum concentration of DDT that 
should be allowed in meat I am certain he did not realize the international implications of his work. His data 
were used as the basis for Federal regulations. When made aware of these regulations, the governments of 
Australia and New Zealand had to enact legislation restricting the widespread use of DDT in their countries. 
Thiy was necessar> so that the meat producers could meet the 0.7 ppm standard required for meat importation 
into the U.S. Their balance of trade depended on 0.7 ppm. This might not be the best example^ but I am sure 
you get the point. Never before has it been so important for chemists to be aware of the implications of their 
work on society. 

The public now dema^ids action on the part of chemists to clean up pollution. Chemists are no longer 
a group of dedicated people working in isolated laboratories completely oblivous to society; we are iiow 
recognized as those bad -or good— guys who play a major role in the fate of our society. 

2. The second development is the new awareness of society concerning the effect of chemicals on their 
health. People are now seriously concerned with the dangerous concentrations of DDT and other chemicals in 
their foods. Many want to return to the good-old-days when people ate natural unadulterated foods— the days 
when the average lifespan was 40 years and mosquitoes, flies and lice lived to ripe old ages. If DDT is danger- 
ous to mammals, how about those apprDximately 400 chemicals that are mixed with our foods: mold inhib'tors, 
coloring agents, bleaches, moisturizers, antioxidants, thickeners, thinners, emulsifiers and preservatives, a 

we entering an era of antichemical McCar thyism? 

Here is a list of a few interesting compounds. The first is 5-vinyl-2'thiooxazo)idone-L It is toxic to 
humans. It is found in rutabaga, turnip, kale, brussels sprouts, cauliflower and broccoh. The second is 
3, 4'dihydroxy phenylalanine, dopa. It causes a form of toxicity called favism. It is found in certain beans. 
Phytic acid is injurious to health because it interferes with the assimilation of iron and calcium. It is found in 
whole wheat, oatmeal and other cereal ^ains. Throbromine and caffeine are considered dangerous prescription 
drugs, but .ve consume them in our cocoa and coffee. 

What things should be investigated? It took us 20 years to get the information on DDT (and this isn't 
complete); can we wait until every chemical is thoroughly checked until we use It? According to Patrick 
McCurdy, *'What is needed is a liberal dose of balance and perspective along with a shot of just plain common 
sense." 

3. The third effect of chemistry on our society has been the creation of a need for more chemistry. In 
particular, I am referring to the ever increasing need for more research, both fundamental and applied. Since 

I am using DDT as my example, I should mention a few things that are being done in the effort to cure the 
pesticide problem. I will give only two chemical examples. 

Marvin Baasley, a chemist, was trying to make the iron salt of benzoic acid; what he got was a black 
sticky mess. A typical orpnic chemist mi^t have discarded the gunk and proceeded to another synthetic 
method, but not Dr. Beasley. On further investigation he found that the black stuff was actually a polymer 
formed from the carboxylic acid and the iron, catalyzed by an aldehyde impurity. Further investigation 
disclosed the fact that the polymer would dep-ade slowly when in contact with water with the release of 
the original acid and hydrous ferric oslde; the rate of degradation depending on the degree of polymerization. 
These polymers can be prepared from practically any carboxylic acid compound including 2,4-D, 2,4-T, etc. 
The controlled release of these herbicides is now possible; these polymen act as chemical metering pumps. 

Probably the biggest cause of pesticide pollution Is due to overuse of these chemicals and the necessity 
of constant reuse due to the removal of the pesticides by rain waters. Polymers can solve both these problems, 
A single application of 1 lb or 2,4-D per acred has effectively controlled weeds on Kansas grazing land for over 
a year. No miration of the herbicide was detected and the slow release limited the amount in young weeds 
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to an unmeasurable level too low to be harmful to grazing animals, 

Gravel coated with a hirbicidal polymer and placed in a stream rileased the herbicide slowly but in 
quantities sufficient to control selected plants without affecting fish or wildlife, A polymer herbicide coating 
around soluble fertilizers can control both the release of the fertilizer and the herbicide. Water pollution is 
prevented since there is no nm-off during rains. 

Another possible solution to the pesticide problem is found in garlic- Some people eat nothing but 
orpnically pown, natural foods, Fortuantely, garlic is an important part of some of these diets. Extracts 
prepared from priic possesi a high pesticide activity, Not only that, garlic has antibacterial, antihelminthic 
and antiprotozoal propertiei. It also inhibits the growth of various tumon, acts as a diuretic and carminative 
agent; it shows a broad sp^gtrum of activity against gram positive, gram nagative, acid-fast bacilli and fungi 
pathogens. 

Pie major problems yQhich chemistry has given to society can be solved. More chemisiry is one 
answer What is required is the complete cooperation of all industrial firms, government, unlimfted flnancing 
and a nmfor emphasis on the education of all people on the importance of science. 

Let me conclude by quoting Philip Handler, National Academy of Science president, ^'Alam^i^d voices 
advocate retreat from our technolopcal civilization as if life had been better in some bygone age when our 
ancestors lived closer to nature than do we, desiring a return to good old days that never were. For my part, 
I much prcfei that we attempt to manage our technolopcal civilization yet more successfully, remedying the 
errors of the past, building the ^orious world that only science-based technology can make possible." 

ENVIRONMENTAL ASPECTS IN CHEMISTRY COURSES 
l^wren^ Wassennan 

Northern Branch, Delaware Technical & Community College, Wilmington, Delaware 

Rresgnted to tht Chemlcil Technalo^ Rfo^ms Section, 25th Two-Yaar Cellege 
Chitnistsy Conferenci, Catoii^Uli Community CoUegi, February 6, 1971. 

Pollution of man's environment has become a common concern of young and old alike- It has been 
found that using applinations of this theme in the teaching of chemistry can enliance the instructional propam, 
TTie main objectives of this are to: 

1 . Increase student motivation, enthusiasm and involvement. 

2. Make chemistnr* more relevant to the everyday world and to the needs of the studer^t. 

3. Teach the importance of sampling technique and taking a representative sample. 

4. Teach basic analytical techniques using environmental examples, 

5. Teach basic facts about the composition of the world around us, l,e. air and water. 

6. Make students aware of a current and pressing problem that will face them on the job and as 
citizens. 

A propam involving environmental aspects may be implemented in several ways. Some of these arei . 

'■-.'it, 

A. ftesenting extensive material about environmental problems during the chemistry class, 

Making laboratory assipiments related to enwonmental studies, 
C Having students choose environmental topics for special reports and projects, 

D Having the entire class work on a large environmental project related to a particular course. g 

Each of these methods has been attempted in my classroom at Delaware Techniaal and Community 
College. The results were as follows: 



1. Method A was the least effective in motivating students. The approach may be too academic 
2 Method B was found to be relatively effective and helped make Oie lab work in analytical 
courses more interesting. 



71 




3, Method C was effective in getting the students to work independently on assigned topics. It 
wai lound that the students would pui in a considerable amount of time in the lab aside from 
the assipied times. One student presented a paper on such a topic at the 6th Middle Atlantic 
Regional Meeting, 

4. Method D was probably th- »nost rewarding of the above methods, A class in instrumental 
analysis did a comprehensive stady of the water quality of a nearby river. As a result of this 
ftudy several potential dropouts received the motivation to continue their studies and the stu- 
dents and college received coniiderable publicity from the local news media. This publicity was 
instrumental in obtaining job^ for two of the students. 

It can be concluded that environmental aspects* if properly implemented^ can be an asset to any 
chemistry course and to a chemical technology program in particular. The benefits are quite eKtensive 
and range from student motivation to job placement, 

A brief description of our study of water 'n the Brandy wine River follows. 



Fifteen saiTiples wim taken alcig jii uyvdne River from Chadds Ford, Pennsylvania, to the 
junction of the Brandy wine mC thvi riatiana Rivers. 

The sampling was done *'Earth Day/* April 22, 1970 at about 10:00 a.m. The purpose of the 
study was to determine the chemical quality of the water by checking pH, nitrate- fluoride, cyanide, 
chloride anc phosphate content. 

Sampling Technique 

The fifteen samples were assigned numbers in a random fashion. Each sample was taken in a 150 ml 
glass bottle. Th^ samples were taken about five feet off shore at a depth of 1 to 2 feet. 

Location of Samples 

The location of each sample taken is given below. The sample numbers are arranged in geographic 
order from Chadds Ford to Wilmington. 

Sample No. Locatijn 



Introduction 



11 

2 
4 
i4 

9 
3 
13 
12 

5 
6 



10 

8 



junction of Route 1 and Brandywine River 
Smith's Bridge 

Thompson's Bridge ' 

Below waterfall at Doeikin 

Bridge at Doeskin 

100 years past Doeskin Bridge 

Tyler-McConneli Bridge 

Wsing Sun Road Cross-over 

Rockford Tower 

200 years downstream from Rockford Towor 

200 yeards upstraam from Bancroft 

Augustine Bridge 

Brown Technical High School 

Just before 12th and Dure Streets 

150 yeards before Junction of Brandywine and Christiana 
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Chemical Tests 

The chemical tests were performed as follows: 

Fluoride, Cyanide, Chloride-Orion solid aate ion selective electrodes with an Orion 401 meter. 

M/rare— Orion liquid ion exchange ion selective electrodes with Orion 401 meter. 

/%DspAfl/f — Colorimetric determinadon using arnmoniuni vanadate and ammoniuni molybdate reagents 

with a B & L Spectronic 20. 
pfl^-Orion 401, pH meter. 



Rtsuits 















Sample Number 














Chemical Test 


10 


8 


7 


1 


1 1 


2 


4 


14 


9 


3 


13 


12 


S 


6 


15 


pH 


6.69 


6.71 


7.09 


7,19 


7,00 


6.78 


7.12 


6.68 


6.50 


6.90 


6.75 


6.70 


6.60 


6.79 


7,40 


Nitrate ppm 


49.3 


28.1 


21,3 


42.5 


23J 


34.0 


42.5 


70.6 


28.1 


34.0 


34.0 


42.5 


39.1 


39.1 


39,1 


Fluoride ppm 


,185 


.135 


.138 


,135 


.135 


>.l 


.250 


.100 


.100 


.135 


,135 


.100 


,135 


.135 




Cyanide ppm 


.29 


2.88 


3,10 


,68 


4.2 


>.l 


>.l 


.61 


.104 


.45 


.29 


.39 


>.l 


.32 


.29 


Chloride ppm 


70.1 


42.2 


42.2 


33,0 


28.5 


31.2 


39.3 


58.4 


42.3 


45.0 


21.0 


37.6 


31.2 


28.5 


41,0 


Phosphate ppm 




15.5 




5,20 




8.8 


12.4 




10.0 




13.0 


10.0 


10.7 


11.0 


16.8 



Note: The results above in parts per million were measured in concentration using concentration standards. 



PoUudon Equipment References 

1. LaMotte Chemical Products 

Chestertown, Maryland 21620-Coniplete v^ater testing kits 

2. Milliport Corporation 

Bedford, Massachusetts 01720— Environmental Pollution Analysis System 

3. Hach Chemical Company 

Box 907, Ames, Iowa 50010-Test kits for Ecology/Pollution studies 

4. Soiltest Inc. 

2205 Lee Street, Evanston, Illinois 60202-Initruments for detecting and preventing water pollution 

5. Research Appliance Company 

AlHson Park, Pennsylvania 15 101 -Instruments for pollution detection 

6. Lovibond of American, Lie, 

870 Willis Ave., New York, New York nS07-Colorimetric tasting equipment and ghemicals 

7. Scott Scientific Inc. 

RO. Box 2121, Fort Collins, Colorado 80521 --Chemical water pollution test kit 

8p Pollution Equipment News 

P.O. Box 2121, Philadelphia, Pennsylvania 19 141 -Free subscriptions available 
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CHEMISTRY AND THE FUTURE OF OUR SOCIETY 
Owen W. Gtmgan 
Seton Hal! University, East Orange, New Jersey 

pTfientid at the Sympodum on the Inttr^lationihip of Chemistry and Our 
Soeiety, 26th Two- Year CoUega Chemistry Conference, Los Angeles, March 

2i, mi 

Cities are at once the centers of good pnd bad, of progress and pollution, of human inveritiveness 
and ^mog. Urban centers like New York City and Im Angeles are at once the focus of society's hope 
and the focus of society*! fears. Chemistry plays an ijiiportant role in both the hope md the fears. 

Bafore we look at **chemi§try and the future/' let us look briefly at chemistry and the past 
Thcrt are three features of chemistr/ in the past that I should like to select for your attention. 

1. Chemist^ extends back to the bepnninp of time on our planet* 5 x 10^ years ago. Chemistiy 
bepn to exert its influence on man long before there was man. Chemistry worked alon^ to experiment 
with new elements and compounds without the aid of chemists. Wien man finally camr^, w^s innocent 
of the world of chemistry. Compared to the billions of years of ehemisfiy, chenusrs, evt >aay, are 
young. On the cosmic calendar chemists are newcomers. TTiey do their thing with youthful exuberance 
in a world of ancient cheniistry. 

2. The second feature of age-old cheniistry to which I call your attention is thist there is a 
certain **givenna^** about chemistry. Hydrogen, for example, the simplest atom, has a built-in "given" 
chemical potential to become more complex. Hydrogen has the "^ven" chemical potential to become 
helium and helium has the **given" chamical potential to become carbon and nitrogen and oxygen. Hydro- 
gen has the **given** chemical potential to become eventually all the elements that are known to exist, 

Moreoven on the primitive earth, hydrogen, methane, ammonia and water had the "given" 
chemical potential to become amino acids and sugars. Since the Miller and Urey experiments in 1953, 
many other clues have been coUected pointing to the abiogenic origin of organic compounds, 

3. A third noteworthy feature of chemistry in the past is this: the Evenness of chemistiy gave 
rise to life. Inorganic and orpnic chemicals in the primldve oceans gave rise to self-reproducing systems 
that we Kcopiize as living forms. TTie Evenness of chemistry resulted in biochemistry. The complexity of 
biochemistfy led to better life; it achieved the critical mass and $m that lead to the consciousness and 
freedom and responsibility found in man. 

With such a past, what of the future of chemistry? Now tJiat man is t^dng his place as a chemist hi 
the chemical system in which he lives, now that he is learning to manipulate and control the chemistry 
of his environment anu even the chemistry of his own body, will man live up to the promise made by 
chemistry when it was alone without human chemists? Chemistry gave rise to life; will chemists produce 
a better Ufe? 

In 1965 Charles Price, then ftesidant of the American Chemical Society, challenged the chemists, 
and indeed the whole pcpulation of the U.S.A., to accept as a national goal the chemical synthesis of 
life. This goal, he argued, may well be as close to us now as atomic ene^ was in the I920*s or as moon 
walks wei^ in the 1940*s, Dr. Mce quite naturally concludes that chem/s/s diould pr^uce Uftp just as 
eheniis/r> in the past did. When decisions for the future ai^ made^ chemists diould be on the side of life. 

Soma people tend to face the future with a pessimistic outlook. For some, time is an mow pointing 
downward. In the Greek view of hiitory, time is cyclic; histo^ is like a cirde: It does Uttte more than 
repeat itself, Progress is a delurion. In the current rece^on in the chemical industty it b e^ to be a 
pessimist. Moreover, we have come to appreciate more and mo^ how man encumber his planet by living 
here. In 1969 the ACS issued a report, Cleaning Our Environment: The Chenriml Bmti for ActiofL TWs 
report pves details about problems in the pollution of air and water, in the disposal of solid wast^ and in 
the use of pesticides. 

Rather than dwell on the pessimistic side, I believe there is a bads for optimism* On the one hand 
we have Ae **^venness" of chemist^. Oiemlstry Is old, but it is still here; It is predictable. Its predictable 
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"givenness'' makes for human security. On the other hand wc have chemist: Atii the cxn^erar : ; and 
enthusiasm of youth. They have the ability to take advantage of the predictabiUty of c;r-^ -^^afr . 

One of the leading optu^mtu r this cenlury, Pierre TeiUiard de Chardin, viewed tlm^ m:,: an 
arrow pointing downward nor as a circle pointing ^here in a ^;enseiess repetitDn of fbrmei ioay, 
but as a spiral pointing upward that converges at a pL. it where science and sociccy yra brought together in 
an unprecedented oneness. In this vision of the lu, ire, urbanization is a natuial md necesfiary develot- ^ni. 
T!;' growth of cities brinp together a concentration of human genius that can achieve the critical mm 
needed to solve human probiems. Chemists ust p!ay a role in the unifying of mankind. 

There are a number of wayi in which cuemists figure in the future of < r society. Closest at 

Ocnning Our Envirofun^nit 1 his supplement lists 26 nrioriry recommendation^^ cheniical b ■: :i P^^: 
inHUOvms the quality o: - r cnvironnicnt. The recommendations worthy o he artenP'-^^ r all < - 
society, b^^t especially of us as chemists, Hie first recommendation, for example, is thai ''An ^ntanBive 
study should be made of air pollution i- i single city in all its rainifiGations-chemical mcteorologictu and 
biologicaL lU- tudy ;.:iQuk! be made in an integrated fashion; if it is done piecemeal, the vuhie m the dala 

' - ress ii) the pcHutien field, compiete success, will require the strenuous effort of many. Caemists 
can . ..uce to the unity of man by tackling such great projects. It essential to understand that there is 
a value and worth in the human e^Tort iu improve the quality of life, just because the effort Is humaii. 
The qu- of our chemical endeavor contributes in proportion to its excellencD to the unfinished task 
of ''bull, the earth." 

Chemists also contribuic lu the unity of mu. Uifough chemic;:! education. There is something 
about truth that necessarily brings about unity. Th^ teaching of chciuistry takes its place among the 
I-berating experiences tah^ draw men togetl er. Anything less than excellence in chemistry teaching is a 
disservice to mankind. 

Th ic is yet another important way in which chemists can contribute - mprov^ ^nt and 
eventual unity of mankind: by the chemical improvement of his own body, th man bod.. This is a 
topic of special interest to me. It is discussed at some length in a book of min^ pdbllshed in 1967 
iMan's Intervention in Naturtr Hawthorn Books, Inc. N^^w York). Chemists and biochemists can and will 
have an impact on medical care and on the genetic fuiure of mankind. The imprcvcmcait of the environment 
is called ^'euthenics''; the improvement of medicine is called ^^euphenics"; and the aprovement of the 
inherited traits of man'L p/ogeny is called "eugenics.'' .Ul three of these, euthenics, euphenies and 
eugenics, are open to the influence of chemists. 

The mora! implication^ and consequences of such applications of chemistry are enormous. On one 
extreme there are those who junsel an ''anything goes" approach in chanpng the nature of man. Skinner, 
^ Harvard psychologist, thinks that we must change the biological basis of pleasure. At present man gets 
pleasure from things calculated to help him survive in a jungle: food, sex and hurting his fellowman. In 
a city. Skinner argues, man needs to get pleasure from other pursuits-and therefore the biolopcal and 
chemical mechanisms that result in pleasure must be understood and changed to help man survive in the 
city. On the other extreme are those who feel that nothings-nothing at all-may ba changed in the inheritance 
of man. Such thinp are outside man*s competance. 

TTiere is a less extreme approach that foresees and welcot :ome intervention in the chemistry 
ui man's body, for exampie, ihe curing of iiihciacd diseases. The ...proach of critica! openness to 
change is preferable. Although there is the danger of Huxley's Brave Atevv World type of society, when 
the day comes that enough chemistiy is known to predict with some precision the effect of **genetic surgery,' 
it will be morally pemissible with proper safeguards to improve the gene-pool of the human race in this 
wiy. To rid mankind of inherited disease will be an instance of chemists using the "givenness" ind pre- 
dictibility of chemistry to improve the quality of life, to eliminate the burden of deleterious genes from 
future generations and thus to allow man to be more at one vwth himself and with his fellowman. 
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A SnORl' COURSE FOR TEACHERS 

BIOCHEMISTRV 
Daniel E. Atkinson 
Depai tmcnt of Chemistn/, University of California 
Los Angeles, California 

Prjsenle*! as :i short course to thn anni^al AsiJomar Conference of thn Califs 
ornia Association of Chemistry TeachLi^, Asilomar, California, August, 1971, 
Ali'iougli missing the imp<Mcant discussions that foUowed the lecture, it is 
itopod ihiv^vi lectiues will stimulate inpprovement of biochemisiry discussions 
in ciiernisuy chesses. 

I here w 'r reason to doubi thai i; -uid principles oT physics lUr- cheinistry apply lo living; 
<yHtinn%. Hill a v^ry u-idoii it illitimlian niusi be kept in inind-life is cu dstent with the principles 
ni oliy lies - lemistry. but its characteristics cannot be predicted horn tho:-^ nrinciples. 

lilt -\tiri ( ■ thi'^ rouT^c is to Rnrv< v some cts of tbp rliennstn/ of -ini^ ^^<;if^ni^ To simnjy h 
basis Hii' na.i^ ch; ^Hsiun, this lectu..: Wiii be devoted lo consideration of tlu- maam of liviiig systems, md 
some of the ways in whi^ ' they differ ^'om non-living chemical systems. 

The most apparcnJ iCaucal propLily of living i^ystenis is cOfUplc. . l::,^^. cell, ^>hich usually 
hi: '\ volume bctwec'; 10^^ and 10^^^ ml, contains several thousand metabaJic intennediates and several 
;hww..and protein catUij^sts (enzymes), Sonur of the compounds are themscives extremely CGmplex in 
structure. 

A more striking property is order. Any n jn-Hving mixture of several thousand reactants and several 
thousand catalysts v^ouid rapidly degenerate into a useless mess. A living organism maintains itsc grows, 
a id icpiodticeb. The coiieiatiun uud control that mui^i^ this possible is one of the most interesting as- 
pecfs of thf chemistry of life. A living cell is a system of very low entropy and very high free pnergy and 
in physicai—chemical terms is a very unlikely system ; yet It is strongly stabilized. 

Fn studying any aspect of nature, we must use not on!^ ppropriate methods^ but also appropriate 
ideas. There is no function or coordination in the non-livin;, world (except in devir^. s made by living 
organisms), and so the ideas of funtiion and purpose have no place in general phy and chemistry. 
Unfortunately, some textbooks generalize too far, and say that "why" questions or ideas of function 
have no place in science. Tliat is not a valid generalization; it applies only to the areas of science that 
deal with inanimate objects. In biology, everything is functional and many of the most important 
questions are ''why'* questions. We must consider this fundamental difference, and the reasuns for it, 
before discussing the chemical processes themselves. 

We should first repeat that all of the principles of r tinary chemistry apply also to living systems. 
Life does not have its own special type of chemistry r "^erent set of chemical laws— it ^^^rely is 
ordinary chemical process arranged in a highly ordere 'iiied way. As an analogy, ibustion 

chemistry is essentially identical whether gasoline is t n open dish or under cont i condi- 

tions in an automobile engine, yet one is controlled aii at function, whereas the o^ r ^ ^ntroUed 

and functional. The relation between hese two ways of ourning gasoline: not a diff^raru^ in u. Jer- 
lying chemistry, but a difference in the way that chemical processes are coupled to other chemical or 
physical processes. 

In studying or describing living systems, we cannot separate the bioiopoal isprcts from the cheinicaL 
That is a false distinction, based on the way that scieTice happened to develop historically. ^All of the 
properties of an organism are closely intepated: the chemical processes are coirelated to serve biolo^ca! 
functions and the biological processes are based on chemist]^. 

All biological function is the result of evolutionary design. Th^ peatest generalization in biolo^ is 
the realization that all organisms have change throughout tiieir history, and are still chenpng, as a reiult 
of mutation and selectic 'i. Random mutation, with sunrtval of any changes that work betterj is a trld* 
and-eiTor process much like engineering desipi. The products of evolution (living organisms) are as func- 
tional as anything dedpied by man. 
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Compare the snape oi a cuatinent wiih the sluipe of an argaiiiHiiL It ::cicnliriC to v>.,:u 
weiL UrJ geological prucesses that: hd to the forrnatior : ' "nrida or Baja California, but *-uia be 
meaningless to ask about the funciiom of these appr-jugei. !n contrast, the hgs aivl vnngs 3f a bat- 
lerfly are obviously totally functionaL They have elope, by way of a iong seiies of small ..dvi^.^ui- 
geous changes, selected from among a much larger numlnM of hau^^ui :hanges. Any componenv ot an 
organism should be considered, like a spark-plug or a fan belt, with its lunction in mind. If we siudy 
it merely as an object (or study a bicbgical reaction merely as a reaction) will miss most of its sig- 
nificance. 

Much time has been wasted by some biologists and philosophers '^n meaningless questioi-^ such as 
*is tlie whole greater than rK: ^rn of its n; . ri> f Vm is sometinK'^ ^ sed as the great philosophical 

clear answer, but nothing eiU- n^ysterious or specificaliy biolugicHl ib uVvolved, Is water greater I'^m 
the sum of H2O and C)^? It is certainly differLnit from a niixrure of the iwo gase^. ^ b is greater 
than a pile of the parts nmt n- -c up a bus? !s nn organis. greater than the sum nf the conipDunds 
th::i make it v nl Your answei niust be the same as your ;^n3wer to the bus/parts question Whether 
ifr is '^ves'' or ni^ s a matter of vour interpretation of tUe words-tbc question has no scientific or 

to J'tmciion. Tlie pile of parts or the random mixture of compounds has no organization, no correla- 
tion, no control, and no function. In both cmQ% function has been added as a consequence of functional 
organization. The chemical composition of the organism .s far more complex than that of ^he bus and 
its functional capaci; : s are far greater, but the principle is identicab To return to our first paragraph, 
all of the properties of the bus or the organism are fully consistent with the chemical properties of the 
component oai ts, but one could not predki the bus from the properties of various Dies and organic 
precursors ar- ^rore than e could predict an amoeba or a daisy or a man from the properties of C, H, 

md O. 
S^l: ^ / Orgah tzaf to n 

Not only are the components of a cell, such as enzymes, highly specialized to serve particular fane- 
tions, but they are often organized into functional subsystems, or organelles, within the cell. Here v/e 
can c er only a few types of organelles. 

Tht nucleus contains the hereditary materia DNA. It may be thouglit of as the library of the 
cell, containing the blueprints for all of the cell's machinery, as well as Xerox machines that allow it 
f -opy individual blueprints to ser 1 out for production of individual niachines (protiins) and also to 
cu^.y the whc'^ ;l^rary when the cell diviucs. 

MitochonnHa contain the enzymes for the oxidation of pyruvate or acetate, which are produced in 
the ytop' \sm from carbohydrates and fats. The idectrons from thene oxidations ar^ transferred to \ 
and J : the way pass throu^ a series of reactions in which adenosnie triphosphate (ATF) is regenerated. 
ATP H used in almost every energy-requiring process in an organism, m synthesis of intennediates and 
proteins to muscle contraction ^^.id pumpin, ompounas ^ russ membranes. Thus the mitochondria a^e 
ofteri called the pov/srhcuses of the cslb Bacteria do not have nuclei or mitochondria. The DNA 1 
i .iked in the cytoplasm, and the enzymes that would be i t the mitochondria of other cells are associated 
with the membrane that surrounds the cytoplasm. 

Ribosames are involved in protein sysihesis. They may be thought of as general^pi^ose machtae 
shops, able to turn out any kind 01 machine ii supplied with the apprupriate biueprint (messenger RJ^ 
DNA. RNA, and the synthesis of proteins wUl be considered later. 

CMoroplm*s, in photosynthetic org ™s, contain ehlorophyl, whicr s^bsorbs mnU^t, and all of 
the machinery needed to use this capiun : mfgy in the synthesis of sugir from COa and H2O. TTiey 
are essantially complex synthetic lahoraton?^ run by solar bttttries, 

TTiere are many other speclaUiid tHganelles in cells of different types. 

The parts of higher organisms are, of course, highly spacipW^ed on a larpr -ale. The specialized fUnc* 
tions of extemil parts like lep, winp, and teeth anfobvious; t o are those of m^ior inttmal organs such as 
heart, brain, stomach, or intestines. Many orpns, large and smidl, are qiedalized for purely chemical 
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life m ordered LOd.ijLxity . 



Tlie rates of ehcni- 
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ing cell is not at or near cquilibrii™, but in a dynamic 
Aithougli there are cxampius of sieudy statc^i in the noivliving worlds such as flowing streams 
or canuie fjiiies, they are relatively rare. The siream is at a steady state only because water is entering it 



I ceH, m contrast, is ^ii}}^ny mg. 



an : ina!atain>^ its biological steady state oi homaastasis even 



when ch; 



drastically. 



eiabolic Furr 



Like / uhcr comp!e:c functional eciianisni, a living celt can be considered in terms of fum onal 
Diucks. feiuv . iS providcu oy Uic UAiuut;iwu t auuu^ ^ui v-,. .^^ -r o . ikuowu seqiienc^^^ in anaeroDic organ- 
isms), na «s t: ed in biosynthesis, mechanical work, pumping materi;. across mcuibranes, an^^ the like. Thesg 



proccssv: : yc ft tionaiiy, and in ma'"' 
< fsome Of fhC'Se 'imctional sequence:., 




H:^tura^ distinct. Figure 1 is a simplified sciicfn?:!?-; diagram 

Sr;h{3niat!C repregantation o; :ome rnetabolic prom^^\.^. The sketch is mt 
xo r^ulQi f6/ osample^ the nueleus is much larger than a mltof rj.jndrlon. 

(amino acids 
^ nucleotidei 



ATP 



r 



ADF \ 




Finzynv 
iynthesis 



■ > a typr':al 
petrochemical 



Mitochondrion' 

bic organism, n 
(b) pyruvate, m 
'mt mav make a -i- 



Nucleus 



• X he\h the in rmediates for biosynlhesi of the csU's other 
. -/^ /,cd yield tUw eneigy for the £i> *itl)e;^ . Analogously, a 
- -rodiK Is from petroleum, while biUiung some of the p:^ 
trn!aum to get ei t ifr^^ tc un the plauL 

TTie c- vefsion:: of sugar to pyruvate and cf fat to an activated dy.ivative /f acetic acid, acetyl coen- 
zyme A, are carried out in the cytoplasm, which is the gsneral semi=iiquid matrix surrounding the nucleus 
and mitochondria. Pyruvate a. id ace 1 coenzyme A are Dxidized to CO^ in the niitochondria, and 
each pair of :^^^rtrons is trFHsferred to Oj, 3 moles o"' ADP are converted to ATP. Provision of ATP is 
the primal tuiiCtion of th? jcidation of foods, since ATP is used to power nearly every energy-requirliig 
process in the cell. 

T^e cyclic series of reactions by which acetyl coenzyme A is oxidized is cailed the Krebs cy^Ie or 
citrate cycle, TTiis cycle also produces some of the starting materials needed f vr biosyntheses. ATP and 
these intirmediates move into the cytoplasm whare they are used, along mth Intennadiatai made there, 
in the bic^ynthesis of nearly all of the eeirs constituents, Nueleotides move into the nucleus, whore they 
are used in the syntheiis of many types of messenger RNA, eaoh copied from a speciflc part of the DNA, 
and each containing the infoiftiation for synthesis of one or more specific proteins, TTie messenger RNA 
moves to the comsponding proteins (most of which art enzymt s> from amino acids. Each of the many 
steps in the bi^ynthesis of amino acids and nucleotides, as well as every other chemical rea.^tion in the ceil 
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is catalyzed by a . pccific nnzymc. Thus '-'oiogical ohcniisti, ;yclic on many levels. As one exampi<% 
enxynics are needed to make amino acids, but amino acids aic needed in the syn"' 'sis of cizymes. Mv-. 
enxymes are needed to make nucleotideE, wiiich are needed to make messenger A, some of which 
carry the information needcu for production of the enzymes needed to niak. iuv eotides. 

Nucleic "f kis and the synthesis of proteins will be discussed later. For the present, we will con- 
sider metabov. ' ,tion, and coupling between chemical sequences, in g.?ns; 1 terms 

The liviHb iu. has often been discussed in terms of an economic andOf'y. In these terms, it is 
clear that the cell uses a currency system rather than a barter system. Tlie advantages ; simUar to 

>pt' m rconoi,ucs -nd the main advantage is flexibility. A shoemaker who sells shoes for money can 
then buy what he wishes; he need not v time looking for someone who can supply bread or leather, 

" ... . . .■ , :' ,,, ■ ),,-■,,- '" '■ - 'hr- ;■■ " ;'■ ■<'■" ' "^W T cVT''nC'' r^n^riP that nl- 

energy-rcquiring processes can be linked to all energy'releasing processes, so that energy can be obtained 
where available rmd used -vhcre needed, Th"">' is also a great saving m tha lumber of enzymt's required. 

A'TT is the universal cuiTcncy of the ceil. Translated into chemical terms, that statement means 
that ATP stoichi nn-'trically couples all nietabo!" reaction sequences. In a few cases, the coupH is in- 
direct, but in mos =ses ATP is a direct coupling agent. (Mcit of the exceT'tions in' ulve synthesis of 
rnacromcii'C"'"'^ ^ 

Some texth -s sp.ak of oxidative reactions releasing energy . drive other reactious. Sucit state- 
ments are obvir y chemically meaningless. A reaction or reaction mquence can drive another only if 
thcf are chei, uy iinfied by ^ii'eujic stoichiometric c!:t::ucai reactiom. Tim sioichiomctric coupling 
is the metabt function of ATP. As in any price syiteni, we may speak of the cost of an intermediate 
or the cost carrying out a conversion. We will use qjolecules or molci of ATP, rather than dollf? m 
our pikinr ;hus, the complete oxid-- -loie of glucose to COj causes the production of 36 

moles o ' from ADP. Each inoie ■ oenzyine A that is c 'dized m th; Krebs cycle leads to 

the pr n of 12 m.oles of ATP. SwL.i.ny, every metabolic sequence involves the producti. or 

consu of a tixed amount ATP. 

' . o:,:dation of glucose to CO2, !2 ph i- ciectrons are lost. Ten of these ars transterred to 
nicotiiu^nide adjnine dinucleotide (NAD'), then to a navoprotein, then probably to a quinone, and then 
through a aeries of iron-containmg proteins (cytochromes) to O, . At three steps in this series, the elec- 
tron transfer reaction is coupled obligately and stoichiometrical!, to the production of ATP from ADP. 
This overall process is termed oxidative phosphorylaaon or electron transfer phosphoiylation. (The 
other two pairs of electrons are transferred directly to a flavoprotcin, bypassing NAD. TTiey also par- 
ticipate in electron transfer phosphorylation) 

N,' . \ also called diphosphoMyridine ni en ide (DPN'), is a rather large molecule. The grouo that 
undergoes oxidation ar d reduction (a pyridine ring) is at one end. The other end is an AMP group, 
which is apparently concerned mainly with specificity of binding to the right enzymes. iTie cyto-jhromes 
contain iron in a heme ,v»oup as in the blood pigment, hemfiKlobin. However, the associated ^.rcteins 
change the properties of the heme so that in hemog -ibin, iron (II) binds an 0, molecule rever;ibly and 
resists oxidation, while the iron of die cytoch omes is TeadUy interconvertcd between the uon (III) and 
iron (H) states and has little tendency to bind Oj. 

Many biosynthetic sequences contain steps in which the substrate is reduced. In nearly every case, 
the reducing agent is nicodnamide adenine dinucleotide phosphate (NADP), ilso named triphosphopyridine 
(TPN; This compound differs from N/vD only in the presence of an additional phosphate group in the 
eny-M«-gudiug V i uf the iiiulccuk. Nearly all of the enzymes thnt use these electron cnrmr^ are com- 
pleiw.y specific, UF ig either NAD or NADP, but not both, 

The distinci! a bntween the metaboUc roles of NAD and NADF is a very striking Ulustration of evo- 
lu^iv-^naiy design. NAD is involved in reactions in which substrates aw oxidize^ and NADP in reactions 
in which substrates are reduced. In the i inAD exists largely in th« oxidizid state, while NADP 

is largely reduced. This obviously facilit netabolic functions. TOs differentiation is possible 

only because the enzymes are desipied idi between the two compounds. The mechanisms by 

which NADP is kept highly reduced are 1. luUy understood, but the biolo^cal advantages are obvious. 
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U is clear 'tiii cK-.». ^j 4^ carrier compor .a, like NAD and NADP also sqyvo stoichioriietric coupling 
agents, and :Ui])plemeni the prlmnry cDupiui;^ by A IT, 

■.. ■•'fure OL Metabolic Regifotion 

Nearly every metabolic co^'Vifrsion cm also be carried out in the opposite direction. Thus, COa and 
!l20 can be convefted to su^ ir (pho^^osynthesis) and sugar can be oxidized to CO2 and H2O (respiration). 
Fats are metabolized to acetyl conn. Jim A, but fats are also sythesized from acetyl coenzyme A. If the 
mme pHths wer^ used in both n i ^ ?onR, such a conversion would necessarily pass through equilibrium each 
time the direction changed, and nietabolic sequences could lie expected to hover sluggishly near equilibrium, 
ArtiinUv this is far from the case. MetaboHc reactions are c: )ab!e of very high velocities, and metabolic 

Om of the characteristics of uietahoUc chemistry that one woiUd be least !ik:^ly to predict from 
cneiiiicai priiiciples alone is /iiat alniosi; eveiy case of oppositely-directed conver:^iGus 1 ives a separate 
path A' for each direction. At least some, and frequently all, of the ensymes tha n (npate in the 
*'fbrv/a;:i'' dirc= (ion are not involved in the reverse. For example, 8 moles of acetyl coenzyme A can be 
r ivcfted to one mo) j in ic C-16 acid palmitate, a common constituent of ftts; conversely, a mole of 
|:::!:^*UviLv Dvoiv^Yi uu^'-.: :-':;ies of :.:J.' coenzyiiic A. 3^i -.^n of the interniediatcs^ and 

hence all of the reactions and all of the enzymes, involved in the synthesis are different from those in 
the breakdowii Perhms the most surprising chemical feature of this situation is that both the synthesis 
of nalmiiate from acetyl coenzyme A and its brm: ^awn to icetyl coenzyme A are simultaneously thermo- 
dynamically favorable. One of the most important features of the universal coupling of reaction sequences 
by ATP is that the stoichiometry of A TP coupling is adjusted to make nearly every metabolic sequence unh 
direr nonal In the living ceJl Because more ATPs (or equivalents) are needed for the yn thesis of palmitate 
and acr^tyi coenzyme A. the equilibrium of the degradative sequence will lie in the direction of breakdown. 

^ same reactions were used in both directions, a single equilibrium constant would apply, and the 
seque/i could be reversed only by drifting ..cross equilibrium. Reaction rates in the vicinity of aquilibriuni 
must be relatively sjuw. Also the concentrations of reactants and products would necessarily be quite d:f= 
f rent during synthesis than during breakdown. Tliis would work against chamical stability, or homaostaiis. 
; oth of these difficuities are overcome by ;;h use of separate oppositeIy<lirected unidirectional reaction 
uences. Such sequences are relativeSv ^^r f r^m equihbrium at all times, and can be turned on and ott 
ihe needs of the cells change. Thus mtlabolic response can be extremely flexible. 
In the absence of effective control mechanismSs each pair of oppositely-direct^^rt sequences would con- 
stitute what has been called a '^mtile cycle''-a short-circuit of the cell's metabolic ./ntrgy. To illustrate 
again with the puimiiate-acetyi coenzyme A conversion, the equations for the two piocesses are: 

8 ac-tyl CoA + 7 ATP + 14 NADPH + 14 h^—^^^h*^ 

palmityi Co A + 7 ADP + 7 P- + 14 NADP^ -r 1 CoA K> 1 

palmityl Co/. - 1 NAD"" ^^ 7 F-Prot + 7 CoA — ^ 

8 acetyl oA + 7 NADH + 7 F-Protfla + 7 K > 1 

{\\ is orthophosphate; F-Piot and F Prot H? are the oxidized and reduced foms of a 1.. .oprotcin 
electron earner.) 

Since both sequences are thermodynamically possible, and the cell contains enzymes to ratalyze all of the 
reactions of both, in the absence of regulation both would proceed, and the net reactici^ would be 

7 ATP + 14 NADPH + 7 H* ^ 7 NAD' + 7 F Prot— 

7 ADP + 7 > 14 NAD* 7 F Prot Ha K» 1 
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it is obvious that thu hythoiysi^ kA ATP io A. ^ aiv ^ " > a ui^^ecl wi.sic of the ccirs energy. Less obviously, 
the oxidation of NADFH by NAD' and iiavoprotein represents an ecjualiy serious draiii, uvidenlly, these 
two sequences must not be nllowcd to occur at the same time. Similar considerations apply to ahiiost every 
mctaboi^- ;;eciuence in the cclh Thus unidirectional sequences make sensitive and nexible control both pos- 
sible and essentiah 

Since the main function of breakdown or dcgradative metabolism h th« regeneration of ATP from ADP 
and AMP, whereas ATP is converted to ADP or AMP in nil synthetic or \ iher energy-consumhig processes, it 
is evident that metabolic regulation must respond to the balance among AMP, ADP, and ATP. Tlie adenylate 
system is closely analogous to a storage battery- it accepts stores, and releases chemical energy Thus we 
may speak of the charge of the adenylate systeni in » living cell just as we speak of the charge of a storage 
battery. In a lead storage celL the reacLion proc(;eds to the right when the cell is 

2 PbSOa r 2 H2O ^ Pt 4^ PbO. + 2 H3SO4 

C\?rres!?onnin:" . - the adcnvlntc 'iv^tcm the nveni-- ^vaction nccepts ener[iy by proceeding to the right and 
supplies energy in going to the left. 



lliis overall cell reaction is octuaUy the sum of two separate processes but that does not affect the equi- 
librium or thermodynamic considerations. 

2 ADP h 2 P| = 2 ATP + 2 H^O 
AMP + ATP - 2 ADP 

in ■ liC icatl ecu, lUi UAiuaiiOii atatws Ui 1 i_4iw iiihu/uUlw •{iKj s-iiW w.in.tj^w . u A - ^'j ^^^^ - 

rentrnfw . of H2SO4, which is estimated from the density of the electrolyte, in contrast, ail of the compO' 
nen of die adenylate ''celP' are soluble, so that we must use the concentrations of AMP, ADP, and ATP 
themselves in estimating charge. From the equation for the aderv^nte systf^m, it is eviri^inr that m a simple 
mixture of AMP and ATP the charge would be proportional to i\ ' - ole fraction of ATP. From the inst 
equauon above, iiowever, u AjHows thai 2 muics of ADP can su^pi^ : of ATP. TIius, ADP must enter into 
the expression for charge of the adenylate "ceii/' The appropriate amction is 

ATP + 1/2 ADP_ 
Energy dK.^. - ATrT^ADPT^MP 

Tifis function is directly proportional to the amount of metabolically available energy stored in the aden - 
yiate system, and ti^us is closely analogous to the charge of a storage battery. 

From many analyses of cells and tissues of a variety of types, we fmd that the energy ciiargc m 
living cells is nearly always m the nge between 0.8 and 0.9. TTiat is, the adenylate battery is kepi at 
about 80 to 90% of full charge. The constancy of this value u striking, especiaUy since the total amount 
of AfP, ADP, and AMP in a living cell is so small that the battery would be fully discharged in about 1 
to 2 seconds if charging were to stop suddenly %]iI\q ATP-utilizing processes continued at a nonnal rate, 

! . f A ti. * 4t . ,1. .^^^ n^^t r-^.,4'^^nf^fi nrhf th<sf^ h what ^rnritirit^ fn R versr ^fin^ltive 

and effective voltage reaiUtor. Unlike the voltage regulator in an automobile, the biological regulator 
must control the rate of discharge as well as thfc rate of charge of the battery. 

Since all metabolic sequencea eithc sse or regenerate ATP, they must all be regulated by the charge 
of the adenylate "battery." if the charge of that batter>' is to be maintained at a nearly constant value. 
We must expect effects of the kind shown in Figure 2, where R Iiidlcates sequences in which ATP is regen- 
erated, and U represents sequences that utilize ATP. I' is evident that if enzymes respond in this way, 
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the energy chnrue of the ucleiiy lute systcin will he strDn^^ly rcizulatud. A sliglu dccre'ts.: .vcuii iiKivaj:^ ihe 
rates of sequences that regenerate ATP and decrease the rn^ those thnt urn it, A hli-ln -^ic/ea-^t^ :n Ihr 
charge wo'tUl have Uic opposh: elt'ecl. In both cases, the i ... ii woiiid be tha^ the cn:;:i:.e ^vcuui he iv- 
sisted and the char^re would be 'i&ily stabihzed. 




FiagfQ 2; Typical rospon^os tc '.Ho ^dgnyi/itQ enerflV ctiijrc^a c' innulatory 'inz'^mQ^ horn me -c 
SL?qu..ncy!i in whlrh ATP is fUO^nCr^iyd IH) unci frOn^ su/ jUencuii i/i whicfi s P is ustid lUK 

Cuives of the H and ii AT^'^ '^'^ ^'^ci^n obt:.h;cU -vheo appropriate ^nzyme;^ havi^ • i ^ ' i 
extracts. In e^/ery case, the response was of the ''con-^ct" type 0:\ thi^ bnsi? uf the metabnli.. i.:::'^-'<^u r*: 
the '^nzvine^ that is. no P responses were obtained wi^en U was exnected. vice v^rsa^ Thus. the;^c pr:*- 
perties of individual en/:>nies are eniirely consistent with the observed stabihty of the energy charge m 
intact cells. In fact, a stable charge ^ r about 0.85 was predicted the basis of the enzymic studies be- 
fore tlic analytical values wc^t c^nupil^d. 

Metabolic control by ^ md AMP appears to be generah probabiy applying to e!l metaboiic 

sequences. In addition, e; regulated on the basis of its individual metabolic function. For 

example, the first step of Aic sequence is inhibited by the end product of the sequence, 

Tlii.^ is roughly analogous l\ regulating device. If the concentration of the product falls 

slightly, inl^bition of the eiuynM .alyzing the first reaction leading ro its synthesis will be relaxed, and 
the fitc of synthesis wli! increase, if the product eonccntri^tion teruL. to rise, the rate of synthesis wl!) 
decrease. Thun. the concentrations of these products will be stabiHzed, 

In effect, the rate of production of each product is determiiied by two criteria: how necessary is the 
synthesis (what is the concentration of *hc product) and how easily can we afford to carry it out (what is 
the energy charge of the adenylate system). 

f^crure IV, Properties of Enzymes 

Many of the intermediate cornpounis in nv^tabolism are rather reactive, capable of thousands of 
^ a ctions beside those that are used m ordered metabolic sequences. How are u,:de^]rable side reactions 
avoided? 

It appears tliat the main answer is: by simple dilution. Only a very small number of metabolites, 
such as ATP, occur in the hving cell at cone .ntrations approaching 10^ M. A larger number, but still a 
<'maU fract^)n (such a^ some of the intermediates in major pathways like the oxidation of sugar) are found 
at concentiations around 10^' M. Tlie concentrations of most intermediates are below 10^ M, and those 
of highly reactive compounds, like keto acids, are in the 10^ to 10^ M range. 

Consider a reaction between \ and B. This may be relatively rapid under standard conditions (with 
Qwch re^ctant at I M). if it is a ...mple first-order reaction with regard to each reactant, v - k(A)(B). 
Tliui:, if caeh is at ^0^ the rsacticn velocity would be 10 '^ tini^5 that at standard conditions Hence 
an amount of reaction that wouM occ^ ,n one second under standard conditions would require a little 
over 316 years at biological concentrations. It is clear thaL dilution is a very effective protection against 
undesirable reaction. It is equally clear that very good catalysts are required if desired reactions are to 
proceed rapidly at biological concentiations. 

All biological reacdons are catalyzed by ^ nzymcs, which are protel s. Like any catalyst, an enzyme 
affects the rate of a chemical conversion by supplying an alternate path wivh a lower energy barrier, as 
shown schematically in Figure 3. The vertical scale indicates the energy content per molecule, and the 
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height of the barrier rii.. r-:iivation energy (E^) tiuu is ^^^quired to permit the reaction to occur. 




Figure 3' Gnorgy profile for ihe uncatniyAcd (salid 
line) and catalyzed cDnvOfsiors of A to 0 



Since the distribution of ©nergy among molecules is exponeiitial, the proportion of molecules having suf= 
ficient energy for reaction changes greatly with relatively small changes in E^. At room temperature, a 
^ vahm of E., wfi) i|ir-^n<3e the nunihaf of fflolecr!"" umiable of reaction by 

er 4000 dmes and, other thinp being equal, will cause the reaction veiocity ,o i^icrease by the same 
, -for, A decree if^o of 10 kcal/mole will correspond to an increase by a factor of about 17 million. TTius, 
if a catalyst supplied a reaction path with an of 15 kcal/mole, while for thp an.- talyzed reaction was 
25 kcal/moie, this 40% decrease in activation energy coulu cause the reaction to j 17 miliion times as 
:-i-t uncatalyzed reaction. Atcelerudon factors for enfvmes ire commonly ' a 10 to 10 . 

I'Sf < ^ ; i^ ^a factors: as we have seen. ^0'^ seconds is about 316 years. 

^ • ataiyst of course, cannot affect iite direction of a chemical conversion; J can only cause mora 
rapid propess in the th^rmodynamically ftvorable direction --toward equilibrium. But enzymes can and do 
direct metabolic sequences by selecting from among the thermodynamicElly possible reactions for each 
mtemiediate. If a comtuund has 10 possible reactions and one of them Is accelerated by a factor of 
around 10^^ by an enzyme, the others beco-^^ totally insigiuflcant. Thus, the highly specific pathways of 
metabolism are produced by diluting the wierimdiBte^ to the point where all uhcatalyzed reactions are 
slow and then selectively accelerating just these reactions that fit into an integrated pattern. 

Emyme Cataiysif^ 

Four common patterns cf reaction velocity as a function of reactant concentrations are shown in 
Figure 4. 




/ 




s s s 

a b c 

Figure 4- Pattirns of reaction vf locity as ^ function of sgbstrate iremmm) ^n^ntration. 

Curve a represents an ordinar first-order reaction, with velocity proportional to react&nt concentration. 



It was noticed about 80 ' ^d*^ 
proaching a maximal value 
the concentration of the m 



\7 that enzyme reactions typically pve patteriib like e, ^ith velocity ap- 
* increasing indefinitely as in a. Since the maximal rate depeno^ on 
, gurvas of type c imply that an anzyme Gontaini a hmlted numb«- 
reactant sites; when they become 3?»turated, no further increase in reaction velocity is possible Racog- 
iiitioii cf this ftaturc of cnzymic c::f:>!ysis led to what is temied the MichaeHf treatment of mtyme kine* 
tics. 

A. typical enzyme-catalyzed reaction may be written as 

k] kf kg 

A. + E ^ EA ^ ^ EB ^^^^ E + B 
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■ ^iur i\ ;S ;*i:./yini;, A i:^ ivainnnt.. B IS prcsuuci, and GA and 1:3 arc cairipicxc;!; in whiL:li A or B is bound 
:a ih : catalytic ;>itc oi ilic Ciizyuie. It i:, a;;fei.uiiL;u, on ilio basis ui ciuvL-s like c r ' I ly^-xc 4, that liic 
acrual chcniia^l conversion of A to B rf^A^^^^-KB) ihy slowest step. If thr. h , , ^A 4, and EA will be 
nearly af. ccjinHbri'' ^ c]\i-h'^[ the reaction. Tlius, as a close approximation, we h:;,; vViitu the equilibrium 



(FA) 



ibr the llrst step. The eiL:yme is partitioned between free enzyme and the EA 



expresbion 

f(EW (E A) 1(A) 

cojnpiex, so we assume thai: (H)^.. ^ fE) i (EA). Thi - ^ 

■ ( h A ) 

It the second step is rafe-liniitine an we as^ Uiied in order to explain curve c oi' Figure 4, the velocity of the 
overall reaction depends on this ^:icp, anr^ v - k2(EA)= When the enzyme is satiiratLMj with A, (EA) - (E^j^, 



anu 



airaniiLhaiii :;caUH u> uie iVhchaeiis equatioih 



(V„ - vKA) 



concentration ofreactant at which v ^ 1/2 Vj^^, 

Returning lo Figure 4, b Is the cui've for a reaction of second or higher order; it indicates that the reaction 
velocity depends on the square or higher power of reactant concentration. It is ciear that curve d combines the 
features of both b and c; that is, it corresponds to an enzymlc reaction, with saturation of enzyrnic reaction, 
with saturation c nzyme catalytic sites, but one in which reaction velocity is proportional to the renctant 
concentration raisua to a power higher than 1 . Such a curve implies that more than one molecule of the reac- 
tant affects the rate of the reaction. Although a curve of this type was first described and discussed is 
1956, this is now recognized to be a fairly common response, and to be characteristic of many re^^u^ ^ - 

zymes. 

Metabolic control of the type discussed earlier must depend on the properties of enzymes, lOn 
on the basis of the adenylate energy charge or the concentration of an end product is obtained by din re- 
sponse of an enzyme to the concentration of effectors or modijiers- the small compounds (such as AMP, 
ADP, ATP. or a biosynthetic end r %)chict) that serve as regulatory signals, Ar enzyme is a protein catalyst, 
but it is much more. Many enzynK-> are highly sopliisticated control elements, capable of sensing the con- 
centration of from one to six compounds, integrating them in a complex non-linear way, and changing conforma- 
tions so as to produce the appropriate change in catalytic properties. The concentration of a modifier is 
sensed by means of a regulatory site at which the modifier binds. Such sites are presumably similar to catalytic 
sites. However, when a react t binds it is aetivaled for reaction; when a modiner binds, it causes changes in 
the conformation of the enzyme molecule that affect the properties of catalytic sites located some distance 
asvay on the enzyme surface. F i most regulatory enzymes reactants also serve as modifiers; that is, when a 
reactant molecule binds at a catalytic site it is activated, and simultaneously the conformation of the enzyme 
at other catalytic sites is changed in such a way as to facilitate the further binding ofreactant. This is the 
cause of curves of type d in Figure 4, 

Figure 5 illustrates typical behavior of a regulatory enzyme. 




Figure 5: Velocity of s reaction cetalyFed by 
a riguiatory inzymt m a function of sutetrato 
consentfatlon; 



contFGl; + ^ positivi modlfitr; 



negstivf modtfltr. 
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The crfcci oi d i - '^^Hlratc on otl; r caUilytic sites is re- l :)ii:dble for the SAilm shape of the ctiives. 
The response of j ..izynie in the absei^ce of tiu. niodincn^ (ciirve c) in dianged on the uddition of mod- 
ifiers, A positive modifief (curve +) increases ;he affinity th^ enzyme for the substrate, and thus aliows 
it to compete more favorably with otiier enzymes using the same substra negative modifier (curve -) 
has the opposite effect. The S-shapc ( gmoid shape) of the curve allows uie rate to respond about equally 
sharply to changes in concenlration of reactant whether a modifier is present or not. 

Metabolic ^-^^gulation appears to depend mainly on partitioning of intermediates between compet^ny 
pulhways. Changes of the ku*d shown in Figure 5 affect this branch-point partitioning, and thus ur /kniuae 
how much of the ceiFs ^^vailable materii! is used in each metabolic sequence. 

Figure 5 is simiiar lo the characteristic curves of a ladio tube. Tlie -eactiuu velocity corresponds to 
the tube current, the concentration (chemica! potential) of the reactant corresponds to the plate voltage, 
'^nd th^ rnr}ct'r:tr^^f\nn of ^he modi^f cor:v^nnnd^ -he v^^H^r^f^ nn ron*^rn1 mid, Vriricus en^;vn'nc 
'circuits''in a living cell are analogous in function to such fuuiiflar electronic Circuits as consiant-vo 
fegulotors, voltage amp-ifiers, current or output aiiinUueiT, and ,.r^ na. 

Lecture V. Biological MacramoiecfiAUS 

Proteins 

Tlie operation .^il:cUy of living systems dep^ o on proteins, Since nearly every property of a 
i.^'.v, ^dl-=dynamic complc: stability, regulators ^ - m on-^depends on a very high degree of oper?- 
. j.un Specificity, proteins an: responsible for the n md effective functioning of organisms. 

As we saw earlier, pr" ; ^ are almost incre ^ in function and behavior. It is difficult 

to believe that such sophist: 4 ted mechanisms i ed from 20 relatively simple organic com- 

pounds (amino acids), all coimected by the sai ge (the peptide bond). Some enzymes or 

other functional proteins contain chemically b ids that are neceisaiy for function, but 

even in such cases, there seems no doubt that . acture on which function is based is supplied 

by the protein. 

The number of possible sequences of amino acid rssiducs in a protein is incomprehensibly large; 
thus, enzymes have been selected from an essentially infinite number of potential protein molecules. 
About 300 amino acid residues may be taken as the lower limit of length obseived for functional poly- 
peptides. There are 20^^ possible linear arrangements of 300 amino acids of 20 kinds, TTiis number , 
equivalent to 10^^, is much larger than any physically meaningful number, including estiniat - of the 
number of protons and neutrons in the known universe. The number of possibilities Increases exponentially 
with length of the chain, of course, and the polypeptide chains in most enzyme:^ are considerably longer 
than 300 residues. 

The functional properties of proteins must depend on the steric relationships of functional groups; that 
is, on how the residues are arranged in 3-dimensional space. All of our present evidsnce indicates that this 
3^dimensional arrangement depends in turn only on the primary sequence of amino acids; there seem not 
to be any shaping or molding steps in protein synthtsii. Once the amino acid saquenca is prodaced by 
mechanisms that we will discuss later, the chain apparently assumes its functional shape spontrmeously, 
Althou^ these shapes are very con-^ lex, each molec-rle of a ^ven protein finds the same finFj configuration. 

Various types of chemical att dons are resp ible for siability of the 34imen§ional ^^onfomatiors 
of proteins. Parts of many polypcp i cl ains are ai .^*^ed in the a-helix, in which each amino acid is 
hydrogen-bonded to the third residue v ?op the cahin. Such H boading is impor int also in stabilixing 
other arrangements in space besides t^ ? nahx. The properties of the side chains {the groups attached to 
the cwarbon atoms of the amino adds) are also involved. As eipeaiilly importa.it type of intertctiun be- 
tween side ghains is hydrophobic interaction, an example of polar/nonpolar (or oil/water) mutual exclusion. 
Regions of a peptide chain containing mainly hydrocar^ n side chdns tend to com optoer in such a way 
as to exclude water. Indeed, the centers of many proteins are made up exclu^vf ly of hydfophobic red- 
dues, and the^ is yery Uttle if any intamal watef. 

Many enzymes are made up of subunits* (Each subunit a separate polypeptide chain; thus, in 
classical terms it is a iiiolecule and the enzyme is an agpepte of molecules. However, because of its 



funu:ionaHiy.. Uic ^cinblcd enzyme Is ufUKjMv >-oierred to a:-, a inoiccuie)* The subiiiiits may be identical 
or diffcre Monioglobi:., for c;;amp!c, co^*::!n:^ 4 ^vUbuniiS, 2 each of two sligi My different types. Regu- 
iatory ei :iH. cmocinUy, s-c n^ nalH- r ^ i; ^ ^ f subunits, and coiMblnations of mnny different tvpes are 
known, ^mg ii^mi . to !^ id^nUcaj ^^.ubiriits, and from 1 to 6 eacn of two types of subunits. The sub- 
units are arranged in a highly specifk wuy ine funcUonal en;iyme, but no covtdent bonding is involved. 

Much in* .rmation about the types of attraction that are important in stabilizing protein structures 
has come from the study of denamranon the ! >ss of structure. In denaturing, a protein loses its biolog- 
ical acrivitv. anri chLHges in sucii chimiica) pior>;rties as which funrtional groups arc available for reaction 
with anui\,:w.a -'n::^::^, as well ai. in pi^vs;gal pioperties such as solubility. No covaient boaus are broken 
in dcnatiiration the change is fiOfO t . urdered and specific arran^;^ement of polypeptide chains to a random 
and disorganized one. This iliustrates again the generalization that biological function, and thus, life itself, 

IJl^e •■rcnein:^. nucKi'^ -fci.L . t bu^u ap frt^ ; a hnuul number of budding blocks, but in this case the 
* i iiiUmtg blcjb ^- ^:.'-r\ H^,.:ul:v-S \:iTOf'm<ontmnng cyclic compounds (the purine and pyriiTn- 

re. the nuciec ; Je, contains oi^e base, o/ic sugai moiecuie. and one phosphate, 
fhe two types of nucbic acid, deoxyribonL ^eic acid or DNA and ribonucleic acid or RNA, differ 
vciy sliglitly in coniposIliQn and pnmary suulLuvc, but greaLly in functioiL In RNA the sugar k ribose 
and the bases are adenine, guanine, uracIL nd cytosine. In DNA the sugar, 2-deoxy ribose, differs from 
ribose only in having one atom less of oxvgen, and uracil is replaced by 5-methyl uracil, which is named 
Uiymiiie. RNA niolccule^ arc s^ery large i y ordhiary standards, with molecular weiglUs up to a few million. 
Most DNA molecuies, however, are much larger stilL containing millions of nucleotides and having molecular 
weights in the billions. 

liie double helical structure of DNA, and the A-T and G=C base pauing on which it depends, must 
be ''faniiliar'* to any higli school student whose reading has gone beyond comic books. Two poIynucleO' 
tide chains can coll together, taking approximately the positions in space of two strands of a 3»itranded 
rope, if the- order of their vases is exactly complernf3ntary. This means that, reading from chemically op- 
posite ends of the two chains, there must be a G ih one corresponding to even/ C in the other, and a T 
in one corresponding to every A in the other. Hie chem ;:al basis for this dnuoie nelix is that A and T 
contain functional p^oups allowing the formation O' ^vvo hydrogen bonds; similarly, G and C can form 
three hydrogen bonds. It is extremely importain ^hut ihe distance across a base pair (between the two 
points of ( uxyribose attachment) is almost exactly the -ame for G-C and A-T pairs. Thus, the distance 
between the -sugar-P-sugar-P-RUgar-^ P backbones the polynucleotide chains is constant, and a regu- 
lar and ordered structure is possible. 

As in the case of proteins, nucleic acids may b ' uured. losing their biological function and chan- 
giniT greatly in physical properties. No covalent bonJb o> broken, but the double helical structure is lost 
by opening of the hydrogsn bonds and dissociation ^^^^ base pairs that stabilized the helix. Because majiy 
kinds of attractive forces are invoked in maintairjin,. .r^- t. icture of a , :tcin, its denaturation has no spe- 
cific haracteristic temperature. In DNA, orly the base v K^m a^- ^^ruptad. Since tney are all nearly 
identic"., the denaturation of DNA is a sharp function f r ...au :r ust like a phase change. For this 
reason it is usually called ''melting/' althou^i there is no ,enibknca to actu:*! irfUJng. 'nie great 

spevUJciLy of atiraciion bei weci^ polynu Jcutide chaiiis with cumplemenlary mqamc^% is demonstrated by 
ii:c fact that denaturation of pieces of DNA with molecular wei^ts in the hundreds cf thousands or mil- 
Huns is n^versible; during veiy slow cooling the disfocjated pmi^ fmd each other and reform a doubli helix. 

The main biolopcal function of nucleic acids is uiformation storagg and transfer, and the sequence of 
bases in DNA is the pfimary determinant of the amino acid sc . e^iCes of proteins, and hence of al! the struc* 
tural and functional order of organisms. 



Si 

86 



Lecture VI. Replicwaon of Nucleic Add and Synthc^':; f Protein 



The ceirs DNA is its library of master plans, containi all or the inforaation needed tor synliM-v : 
the ceirs components. Thus, the NA must be processed in two ways: it mmi be copied, - :h;H .k - 'XK-, 
each with a full library of infonnation, can be made, and portions of it must be transcribed, givin:^ i! - ^^m- 
prints for production of individual proteins. 

Work of the last two decades on these processes has been widely publicized, and by nuw every c.i.^ must 
know that specific A-T and G-C base pairing is the basis for copying of DNA and also for the production of 
messenger RNA, which carries the recipes for making protein. It is also general knowledge that these recipes 
are written in a language in which each of th ^0 amino acids is snecified by one or more three-nucieotido 
"words." 

First, It ^chould b'~' omnhnsi^ed that, contran/ to stntnrnents in sorpf; textbooks, there are no self-repjioatjvig 
molecules in biology (or, presumably, anyw'^ere else). The replicatioii u IWA, like all r Diolopcai pro- 
cesses, depends on the catalytic action of specific enzymes. Little in known for certain s of tiis details 
of this process. Several my:yme systerns capable of copying DNA have been studied, but the physioli^L- al 
function of at least some of them seems to be repaii wf daniaged DNA, rather than synthcsU of new DNA, 
It is well establisH that nucleoside triphosphates are used in syii ^ : with the terminal two phosphates 
being split off as ia uiic pyrophosphate when the nucleotide (nuc^iwoside monophosrhate) is added to the 
growing polynucleotide chain. 

In bacteria, where the DNA is in the forrn of a sin^e circle naked in the cytoplasm, it has been possible 
to establish that the copying mechanism nioves hnearly along the DNA chain, with two DNA chains trailing 
behind. The DNA of more complex cells is in chromosomes in the nucleus, airomosomai contain more 
protein than DNA, and the DNA cannot be directly visualized. There are several to many chromosomes 
in a nucleus, and little is known of the physical arrangement of DNA in each. Thus, our belief that the 
copying of DNA in nuclei is similar to that in bacteria rests mainly on the fact that this seems reasonable 
by analogy and there is no conflicting evidence. 

Since the amouiU uf DNA in cells ef a ^ven organism is constant, it is clear that DNA is copied exactly 
once per cell division. In an adult highei animal like ourselves, there is relatively little cell division, anc . .'CO 
relatively little DNA replication, iii most tissues, TTiis does not mean, however, that our DNA is inact 
function of DNA, as far as an individual cell is concerned, is not to be copied, but to supply the info*, u a 
for protein synthesis. 

An enzyme system, DNA-directed RNA syihase, catalyzes the prodnction of messenger RNA molecules that 
are complementary to short sections of one of the DNA strands. Smprisingly, the strand used is not always 
the same; that is, the information for production of messenger RNA may be in strand A in one region of the 
DNA and in strand B in another region. We do not yet understand how the eniyme system is prevented from 
copying the wrong strand, or how it finds the correct starting point. Each m-RNA molecule contains infor-^ 
mation for the synthesis of at least one, and often several, proteins, 

^oiein synihesis 

Protein synthesis requires ribosomes, transfer RNA's, (t-FNA's), amino acid activating enzymes, and 
several other protein factors. 

Ribosomes are the particles on or in which actual p*^tein synthesis (the formation of new peptide bonds) 
occurs, r ^e ribosonie moves along the m-RNA molecule, synthesizing the polypeptide chain specitled by the 
nucleotide sequence of the m^RNA. Ribosomes of bacteria havr a sedimentatton coefficient of 70S, and ara 
made up of two parts of unequal size, 50P ^nd 30S. These partg dpparentl> are 0ombined only during acturl 
synthetis of g protein; the 30S particle first binds the m-RNA. and then the SOS parade adds, Ribosomes 
of nucleated cells are larger, having a ^dimentation coefficient of 80S (particla weight of about 4x10), 
and contain subunits of about 60S and 40S. In both cases, each type of subunit contains both protein and 
RNA, which k called r^RNA (for ribosomal i^NA), TTiere are several r^RNA molecules of differtiiS kinds isi 
Mch ribosome. g 
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Each transfer RMA molecule conhMns fh^.^ anH-rrnfnn triplet cornplem. ; triry to the m-RNA codon for 
a Specific aniino acid, t=RNA serves as an adapter, canyinr; a specific amino acl ! to the point of peptide 
chain elongation when that amino acid i,^ specified by the code of tiic ni-RNA rh^' i:? being read. There is 
some A4I and G-C base pairing in t=RNAs, and tiie resulting configi ration Is somethkng like a clover leaf or 
the playing-card symbol for clubs, 'Hie amino acid ib attached at ' end of ihis structure (the stem) and 
the anticodon is at the other end (on the middle ienfiet), Althouii , ^-RNA molecules of different type^i 
differ slightly in molecular weight (they covitain from 70 to 95 nucleotides), they appear ail to be the same 
length froni the anticodon to the point of amino acid attachment. This uniformity of length seems to be 
essentia! the fufiCtion of t-RNA, which :s to posiiion the right amino acid at the ri^t place at the riglit 
time for incorporation into protein, 

Put in another way, they Cr-^i" o\ki ua*^f:aiinn Ibvrn :iuc!t^o^ide ^ a nno acid language. Each amino 

M^nivritinp enzyme mw - ) : .'vvni/e and h\vA one kinf^ of aniino ac v^^itb -ery high specificity, recognize 
and bind an appropriaie i-RNa niulecule, and catalyze the attachment of ihe amino acid to the stem end of 
the t-RNA, One molecule ot ATP is used in this process. 

The synthesis of protein in bacteria may be briefly summarized as follows: A 305 ribosonie subunit 
HiT^ds to r^n inirint^nn pnHf on n majpcnie of n>RNA. A t-RNA carrying fofmyl-methinnine is attached 
(all bacterial protenis apparenily be nn with formyl-mcthionine when they are synthesized, but this end residua 
is often hydrolyzed off before t!v. protein be©ns its functional life), A SOS particle attaches. Molecules of 
'"charged" t-R]^A (niolecules i^^^. iiu, attached^amino acid residues) approach the synthetic site, presumably 
by interaction between specific k.oups on the ribosome and groups on one or both of the side leanets of the 
E-RNA, but a r RNA molecule can fit fully into the site only if its anticodon is complementary to the next 
triplet codon of the nvRNA. Wlicn a properly-fitting t-RNA is attached, its amino acid residue is automatieaUj 
positioned for reaction with the formyl-methionine already in palce. Each subsequent amino acid residue is 
added in die same way. In bacteria, about 10 amino acids can be added per second, A typical mammaliar 
*aiu may about i pci c^ecunu. 

The actual bond-forming step in protem synthesis is displacement of the t-KNA to which the peptide chai! 
is attached by the free amino group of the residue to be incorporated. Thus, the powing chain is transferred 
from the t-RNA to which it had been bound and attached to the new amino acid (which is still bound, of 
course, to its own t-RNA). 

The t-RNA from which the p ^peptide chain wais transferred tlieii dissociates L n the nbo^ome and 
is recha'-aed with the appropriate amino acid by the corresponding specitlc amino acid activating enzyme. Tm 
ribosome somehow moves along the rrr RNA chain the distance of 3 nucleotides, placing the t-RNA to which 
lau growing peptide is atta Jied in thu donor peptidyl site and positioning the next nucleotide triplet in the 
recognition site. When the corrcsporiding charged t-RNA finds its way to this site, the process is repeated. 

As the ribosome moves ciown t*^e m-RNA molecule, the initiation site is uncovered, and another ribosome 
irjay attach. A m-RNA molecule may be rf:ad simultaneously by many ribosomes. The resulting structure of 
one m-RNA wUh the associated rilv onies, which in eieciion mir-o^aphs resembles beads in a itring, is called 
a polynbu^onw , or polysome. 

The end of the sp ification lor each protein is indicated by a terminrMon codon-a triplet that does not 
c h1 : ^or any amino aciu, but causes the poiypeptide chain to be released into the cytoplasm by hydrolysis 
from the i RNA that had carried the last amino acid residue. Additional protein factors involved in initiitioa 
and termination have been discovered, and it is clear that much remains to be learned about the details of pro* 
^**in *>y n*li'"^*"iE 

Control of 'wtein .synthesis 

Each of the many hundred, or few thousand, enzymes in a cell must be maintained at an appropr^ti 
level; thus, there clearly h some overall regulatory system by which the rate of synthesis of each enzyme is 
kept in balance with the rate at which it is wearing out or being destroyed, (Most proteins are constantly 
being replaced, but their turnover rates vary considerably). In addition, cells of higher organisiiis have a related 
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a^d more complex problcni. Each cell of cur bodies contains all of the inforniution (all of the DNA) 
ntsded to specify everything about us, but each individual cell uses only a very small amount of that 
'n^ormatioii. It is obvious that the brain do^s not make muscle fibers, the pancreas does not make lens 
protein, the retina does not make pancreatic enzymes, and so on. It is less obvious, but tme, that even 
the 'same" enzyme from different tissues of the same animal (that is, enzymes that catalyze the same 
keaction) are frequently found to be different in amino acid sequence. Somehow each cell at any instant 
makes only the pvotcms that are appropriate for that cell at that stage in its development, and at that 
stage in the development of the whole organism. The questioJi of how this comes about is the molecular 
aspect of the enormous problem of biological differentiation. ^Iwio. can be little doubt that the study of 
differentiation will be one of the most active and most impurtaat areas of biology and biochemistry during 
the next scientific generation. At present, we have much information as to some of the thhigs that happen, 
but very little understanding of how they happen* 

One special aspect of the problem of regulation of protein synthesis has been much studied and is be» 
ginning to be understood in vague outline. Bacteria, being single-celled, are not differentiated in the same 
sense as higher organisms. TTiey can, however, adjust the production of some of theii enzymes to fit their 
immediate needs. This control is called repression and induction (or derepression,) Tliere are two main 
types, with many modifications in individual cases. 

Biosynthetic repression 

Ine end product of a biosynthetic sequence (such as an amino acid), in addition to exerting kinetic 
control on the first enzyme In the sequence as we have seen, often represses the synthesis of all of the 
enzymes in the sequence. That is, the rate of synthesis of all of these enzymes is greatly decreased when 
they are not needed. In some cases, all of the enzymes of a synthetic sequ^^nce are specified by a single 
large m-RNA molecule, and repression of all of them apparently results from inhibition of production of 
that m-RNA. Other cases are more complex, and involve several kinds of m-RNA. 

Induction and cataboUte repression 

Bacteria typically contain genetic information in their DNA for the synthesis of enzymes thai allow 
the use of a wide variety of compounds as sources of carbon and enefgy. Most of these enzymes are not 
made under normal conditions. TTieir production is controlled by a rather complex regulatoiy system that 
senses, firstly, the need for an alternate source of energy, and secondly, what source, if any, is available. 

Glucose is the best energy source for most species. When adequate glucose is present, the enzymes 
for metabolism of unusual or secondary energy sources are not made. TTiese enzymes are said to be re- 
pressed. Because glucose is so effective, such repression was at first tenned glucose repression, but it is 
now known that var>4ng degrees of repression can br caused by other substrates that support rapid growth, 
and the phenomenon is now termed cataboUte repremon. If the supply of glucose is exhausted, the resulting 
ener^ shortage, in some way not yet understood, causes the production of 3', 5'-cyclic AMP (an isomer 
of ordinary AMP). Each inducible/repressible enzyme can be m de only if both cyclic AMP and an mducer, 
specific for each, is present. The inducer is typically the altemath^e carbon source itself Thus Agalactosis 
dase the first enzyme needed for utilization of lactose, is not made when both glucose and lactose are pre-^ 
sent because the level of cycUc AMP is too low; it is not made if both are absent because induction by 
lactose (or a closely related molecule) is necessary. It is, of coum, not made when ^ucos-. is present and 
lactose absent. It is made only when glucose is absent and lactose present, and this is precisely the only 

time that it Is needed. - . ^ , *_ u 4. a a 

There are many such inducible and repressible enzymes, AUhou^ not aU of them have been studied 
in detail it seems likely at present that all are repressed when the level of cyclic AMP is low, whether or 
not the corresponding substrate is present, and that when the level of cyclic AMP rises each can be mdm^ 
duaUy induced but ^ly by the presence of the substrate. This kind of co^rol ayidentb. 
to economize in the very expensive pmcess of protein synthesis by not malong unneaded enzymes, The^ 
is good evidence that, in at least some cases, the inducer is recopiized by a specific P^^^^^^^^^ 
tunately, the repressor protein). This protein interacts with a spidfic pomt on the caU s DNA to pravcni 
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synthesis of the m-RNA corrusponding to the inducible enKyinu, but when it hinds Uic inducing substrate 
it changes conformation so as not to inrcract with DMA; m-RNA and enzynic cnn ib^Ui be made. 

Many mammalian enzynies, eKpccially in the liver, are similarly synthesized ot rate;; depending on 
metabolic needs. It seems likely that similar regulatory mechanisms arc involved, aUluuigh there in as 
yet little or no proof of this, Wc dn luA. yet know whether the reguladnn of protein s) nthesis that 
underlies differentiation h at all similar to repression/indnction. 

giEMISTRY MAGAZWE 

Lab Bencli ExpeHments in Clicmistry 

In response to the recent demand for new material of interest to general chemistry sludcnts and tcncbers, 
the American Chemical Society has made available a new manual entitled Lab Eenrh Experiments in 
Chemisiry, 

Tlie book contains 160 pages of reprints ?2overing 50 different experiments that appeared in Chcmisiry 
during 1964 through 1969. Tlie articles reprcsimt a v/ide range, from reiatively simple prujects to those 
more complex. As a whole, the book is designed so that experimenters in general chemistry, jegardless 
of individual interests, can find challenging and rewarding prujccts to puraie. both individuul!y and in 
groups. 

llie experiments were selected by Harold W, Ferguson ana Joseph S Schmuckle^, both Conan: Awfird 
winners and both former members of Chemistry's editorial advisory board Ferguson \% chairman of the 
science department, Hamton High School, Lower Mcrion, Pa., and Sghmuckler is now a member of the 
science education department. Temple University, in Philadelphia, 

Pric-e of Lab Bench Experiments in Chemistry is S2.00 for a singU: copy. Bulk rates are SL50 for two 
to nine copies; and $1,25 each for 10 or more copies, plus shipping. To plage an order, write to: 

Reprint Department 
American Chemical Society 
11 Si Sixteenth Street, N.W. 
Washington, D.C. 20036 
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